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MO PAU

Théng tin didong hién dang la ndét trong nlirng nganh cong ngép vién théng
phat trén nhanh nét theo nghién ¢u thi dén hét nim 2015 $ lugng thué baaia dat t6i
con $ 4.7 1 thué baali kém Wi d6 1a khaing 7.6 t két ndi di dong trén toan 4u, doanh
thu aia cac nha cungap da dat hon 1.000 t d6 va dr kién s con tép tuc ting treong
manh trong giaidoan tir 2015-2020. CUngdi sy phat trén cia $ luong Kt néi va thué
bao la & phat trén cia cac lai hinh dch w doi hoi téc d6 cao, king théng &n, yéu éu
thoi gian thrc voi do tré nho ngay cang tr nén plo bién va 3Gda khéng contap ung
duoc mot cachday du cac tiéu chi trén. D6 viéc phat trén mang va dch wi vién théng
AG (LTE/ LTE Advanced) la v cundim thiét va 1a fit yéu cho #t ca cac nha cungap

dich wu hién nay.

Cong ngk vo tuyén di dong thé hé ké tiép (4G) hén nayda duogc trien khaig mot
s cac quéc gia trén th gigi. Mdi mot loai hinh céng ngt 4G c6 nliing vu nhroc diém,
muac do hoan thén, chiin héa khac nhau. Ndu quic gia trén th giéi da Iya chon trién
khai cong ngh LTE dé tiép can thé he di dong ké tiép (4G). Tuy nhién, theo mhkhuyén
nghi t6 chic 3GPP va nki t chic uy tin trén th gisi, LTE-Advanced la tiéu chim s

cai thién, nang cao va thayé&hiéu chuan LTE.

Cung \6i sy phét trén manh & caa cac gii phap cong ngh hang lat cac yéu
cau méi duoc dit raddi véi cac vin dé khai thac vado kiém, danh gia cht luong
dich w. Bai toando kiém giam sét cit luong mang vién thong ludn la di quan tam
hangdau va la ndt trong nhitng van d&& quan tong nhit can giai quyét caa cac nha khai
thac mang vién thdng. Hrong ©i cong tacdo kiém chit luong mang va dch w trén rén
tang mang 4G (LTE/LTE_A)d¢é tai d& tp trung xay @ng cdng a do kiém, danh gia cac
chi tiéu cHit lugng mang va dch w nhe cac tham & RSRP, RSRQ, SNR, CSSR, CDR,
MOS, Packet loss, Packet delay, Throughput (Up_&&mbwnload).

Ngoai viéc do kiém cac tham & chit lvgng mang va dch wi, cong @ do cing 1
tro tong hop cac théng tin mng edi nhu Cell ID, LAC, va B trg do kiém Driving Test.



CHUONG | - NGHIEN C UU TONG QUAN VE MANG 4G
(LTE/LTE ADVANCED)

1.1 Tong quan mang 4G LTE/LTE Advanced

1.1.1 Tong quan meng 4G LTE

LTE la mot chuan cho céng nghtruyén thdng d liéu khéng day va la ot sy tién
hoa @ia cac chn GSM/UMTS. Mic tiéu dia LTE 1a ting dung trong va 6c do dir liéu
cua cac mng dr liéu khéng day #ng cach 8 dung cac K thuat diéu ché va DSP (¢ ly
tin hiéu 5) maéi dugc phat trén vaodau thé ky 21 nay. Mt muc tiéu cao bn 1a thit ké
lai va don gian hoakién tric mangthanh ndt hé thong dra trén Bn IP Wi do tré truyén
dan tong ghm dang K so i kién trac ming 3G. Giao dén khong day LTE khéngrbng
thich Wi cac ming 2G va 3G, dad6 né phii hoat dong trén ndt phd vo tuyén riéng bét.

bic t ki thuat LTE chi ra tc d6 tai xuéng dinh dat 300 Mbit/s, 6c do tai 1&n dinh dat 75
Mbit/s vaQoSquy dinh cho phép & truyén dan tong thé nho hon 5 ms trongmang truy
nhap vé tuyén. LTE c6 khi nang quan ly cac thét bi di dong chuygn dong nhanh vaditro
cac Ibng dr liéu quang ba vadadiém. LTE 1 tro bing thdng linh hat, tr 1,25MHz t6i
20 MHz va I trg ca song céng phan chia themts (FDD) vasong céng phan chia theo
thoi gian (TDD). Kién trGc mang dra trén IP duoc goi la mang 16i EPC vaduoc thiét ké
dé thay thay th mang 16i GPRS ho trg chuyén giao lién tc cho @ thaai va dr liéu ti
tram eNodeB i cong nglé mang di hon nhr GSM, UMTS vaCDMA 2000,céac kén
tric don gian va chi phi @n hanh tAp hon.

Phan I6n tiéu chdn LTE hedng dén viéc nang ép 3G UMTSdé cudi cung co th
thuc ar tré thanh cdng nghtruyén théng didong 4G. Mot luong Ién cong véc 1a nlim
muc dich don gian hda kén trac ¢ thong, vi né chugn tr mang UMTS s dung két
hop chuyén mach kénh+chuyén mach géisang k& thdng kién trac pting toan IPE-

UTRA la giao dén v6 tuyén aia LTE. N6 c6 céc tinhamg chinh sau:



Téc do tai xuéng dinh 1én i 299.6 Mbit/s vadc do tai Ién dat 75.4 Mbit/s ph thudc
vao kiéu thiét bi nguoi ding (Wi 4x4 anten & dung do rong king thdng 1a 20 MHz).
5 kiéu thiét bi dau cui khac nhaudd duoc xacdinh tir mot kiéu tap trung vao ging
ndi toi kiéu thiét bi dau cwi cao dp hd trg cac bc do dir liéu dinh. Tat ca cac thét bi
dau cui déu co tre xur ly bang théng éng 20 MHz.

Tré truyén din dir liéu tong the thap (thoi gian té di-vé dudi 5 ms cho cac goi IP ©h
trongdiéu kién toi wu), té tong thé cho chugn giao thyi gian thét 1ap két néi nho hon
S0 Wi cac cong nghtruy nhip vo tuyén kiéu di.

Cai thién hd tro cho tinh didong, thét bi dau cui di chuyén véi van toc l1én bi
350 km/h h@c 500 km/h ¥n c6 tt duoc hd tro phu thudc vao king @n.

OFDMA dugc dung choduong xuwng, SC-FDMA ding choduong 18ndé tiét kiem
cong sit.

Hb tro ca hai k¢ thing dingFDD va TDDciing nhr FDD ban song céngov cling
coéng ngk truy nkip vo tuyén.

H trg cho fit ca cac king #in hién dangdugc cac I thong IMT sir dung aia ITU-R
Tang tinh linh hat phd tan: d6 rong pro tan 1,4 MHz, 3 MHz, 5 MHz, 10 MHz,
15 MHz va 20 MHzduogc chuin hdéa W-CDMA yéu déu d6 rong hing théng la
5 MHz, din t6i mot sd van dé véi viéc dua vao & dung cdng ngh mai tai cac quc
gia ma king théng 5 MHz thong duoc 4n dinh cho nhdu mang, va throng xuyén
duoc sr dung ki cac mang nhue 2G GSM va cdmaOne).

Hiéu suit sir dung pto tan dinh duong xubng 1a 16.3 b/s (gist s dung MIMO 4x4).
Hiéu st sr dung pto tan duong 1én 1a 4.32 b/s (gisir st dung SISO)

HG tro kich thréc t# bao fr ban kinh hang alt m (femto va picocell) 1én 6t
cac macrocell bakinh 100 km. Trong 4 tan thap hon dung cho cac khuwe néng
thdn, kich tlréc # bao 6i vu l1a 5 km, héu qua haat dong hop Iy van dat duoc &
30 km, va khi I&8ndi 100 km thi héu stit hoat dong aia € bao \an c¢6 thé chip nhan
duoc. Trong khu wc thanh ph vado thi, bing #in cao lon (nhr 2,6 GHzd chau Au)



duoc dungdé hd tro bing thdng didong tc d6 cao. Trong trong hyp nay, kich trge
té bao c6 thchi con 1 km hac tham chi it fon.

Hd tro it nhat 200dau cui dit liéu haat dong trong mdi té bao co Bng théng 5 MHz.
Pon gian hda kén tric: phia ming E-UTRAN chi gdm céc eNode B

HG tro haat dong wi cac chdn di (vi du nhe GSM/EDGE, UMTS va CDMA2000).
Nguoi dung cé tié bat dau mpt cwdc goi hoac truyén dir liéu trong ndt khu wrc sr
dung chuin LTE, réu tai mot djadiém khéng cé mng LTE thi ngroi ding Vin co thé
tiép tuc haat dong nhy cac mng GSM/GPRS hiw UMTS dung WCDMA hay thm
chi la mang aia 3GPP2 nin cdmaOne hit CDMA2000).

Giao dén vo tuyén chuyén mach goi.

H& tro cho MBSFN (Ming quing badon tan). Tinh ring nayco thé cung ép céac dch
vu nhr Mobile TV ding @ s5 ha tang LTE, va la mt déi tha canh tranh cho trujn
hinh dra trénDVB-H.

Tiéu chdin LTE ch hd trg chuyén mach géi Wi mang toan IP @a né. Cac obc goi
thoai trong GSM, UMTS va CDMA200 la chugn mach kénh dodé voi viéc thong qua
LTE, cac nha khai thacang € phai tai bd tri lai mang chuyn mach kénh éa hy. C6 3
cach tép cn khac nhau Bh naydé tai bb tri lai mang chuyn mach kénh cho cac nha

mang:

VOLTE (Voice Over LTE — Thai trén rén LTE): Hudng nay dra trén nang IMS.
CSFB (Circuit Switched Fallback —uDphong chugn mach k&nh): Trong #6dng nay,
LTE chi cung ép dich w dit liéu, va khi cé cac goi thoai, Lte S tro lai mién CS
(chuyén mach kénh). Khi & dung gii phap nay, cac nhaang ch can nang ép cac
MSC (trung tam chudn mach didong) thay vi phi trién khai IMS, dad6 c6 tté cung
cdp cac dch w mot cach nhanh chéng. Tuy nhién,unle diém 1a té thiét 1ap cuc
goi dai hon.

SVLTE (Simultaneous Thi va LTE dong thoi): Trong hréng nay,dién thai lam
viéc dong thyi trong cké d6 LTE va CS, i ché do LTE cung ép cac dch w dit lidu



va cté do CS cung ép dich w thaai. Pay 1a ndt giai phap hoan toanué vao may di
dong, nd khong co yéuaa dac biét vé mang va khong yéuaw phai trién khai IMS.
Nhuoc diém aia gii phap nay latién thaai co thé dat hon do tiéu th cong sdt nhiéu

hon.

1.1.2 Tong quan meng 4G LTE - Advanced

Hién nay, &i nhiéu nugce trén thé gioi, khi phién lan dau tién @a chuin LTE dang
hoan thanh thi tandiém cia sr chi ydang chugn sang s tién hoa tép theo @a céng
nghé nay,do6 la LTE-Advanced. Mt trong nhirng muc tiéu @ia qua trinh in hoa nay |a
dé dat téi va thim chi wot xa nhing yéu éu aia IMT-Advanced da ITU-R nhim cii
thién mot cachdang K vé mit hiéu ning so Wi cac k¢ théng hién tai bao dm c hé
théng LTE phién Bn dau tién. CAc chuyén gia céng rigtiing ntin dinh ring LTE dn
phai cai tién va LTE-Advanced&la chudin thong ti trong trong lai gin. Ho ciing coi
céng nglé nay noi that s 1a 4G dodap ang day du cac tiéu chi ¥ thuat ma Lién minh
Vién thdng Quc t (International Telecommunication Uniodjt ra cho & théng mang
khéng day th hé thir 4.Cac yéu au chi yéu bao gm:

« H& tro do rong bing éin 18ndén va bao gm 40 MHz.

Khuyén khich B tro cacdo rong bing tin rong bon (vi da nhr 100 MHz).

Hiéu suit sir dung pho tan dinh duong xuwbng Hi thiéu la 15 bit/Hz/s (gi st Sir
dung MIMO 4x4).

Hiéu suit sir dung plo tan dinh duong 1&n i thiéu 1a 6.75 bit/Hz/s (gi sir s dung
MIMO 4x4).

Téc do thdng lrong ly thuyét 1a 1.5 Gbl/s.

LTE — Advanced lan nang ép cia LTE va hoan toan cé&ldaptng cac yéu au nay:

« LTE-Advanced la phiéndm nang é&p cia LTE va 2 chén nay hoan toanrbng
thich Wi nhau. Caalau cwi sir dung LTE-Advanced i van hat dong Ht véi



cac mang LTE théng trdng va ngroc lai. Didu nay co ¢i cho & nguoi dung va
nha mang.

Vé mat ly thuyét, LTE-Advanced codic do tai xuéng dat t5i 3Gbps, éc d6 tai [én
1,5GbpsPbay 1a nbt sy vuot troi tuyét ddi khi so sanh i thdng $ tai xudng/ti
lén aia LTE throng 1a 300Mb/s va 75Mb/s. Khéngiatp tc d6 nhanh bn, LTE-
Advanced @ng bao §m nhing giao thkc truyén tai méi, hd trg da an-ten cho
phép 8 luong bit/s trugn tai qua &n phd muot ma fon va Kt qua 1a két ndi 6n
dinh hon va chi phi & liéu < ré hon.

HG tro do rong bing tin 1éndén 100 MHz. \6i mot ki thuat méi cé tén 1a éng
hop s6ng mangQarrier AggregationLTE — Advanced c6 thlam ting $ luong
bang théng ki dung danh cho thét bi di dong king cach ghépéi cac kénh in
sb, hay con gi 1a séng mang am ¢ cac pln khac nhau am rai rac trong plh vod
tuyén. LTE thong throng co tkk cung é@p dit liéu bing cach & dung cac block d
liéu lién k& cua tin $ 1én dén 20MHz. Nhrng khi ngay cang nbi cac cong ty
cung @p dich wi va cling %i n6 1a $ luong céac thit bi tranh gianhan  vién
théng ngay cang néu, nhing i rong 1én ti 20Mhz nhr vay dang ngay cang
khan hém. Hau hét cac nha khai thaganh pti mua cac bit va @nh én pld roi
rac, hinh thanh @t seu tip phan mnh d&é phuc wvu cho hat dong aia minh.
Phrong thrc cung ép dich w két hop da giai quyét van dé nay. N6 cho phép céc
nha khai thac & hop cac kénhdi rac, nho bé, phan tan thanh ‘dnduong ong rt
lon". Vi du, co the két hop hai kénh cd@o rong 10MHzo cac &n 5 800MHz va
1,8GHz riéng kit thanh nat kénh 20MHz toan duy b, co ban ting dip doi téc
d6 dir liéu kha dung cho mdi nguoi dung. D6 chinh 1& mt trong caaru diém cia
cbng nglé méi LTE-Advanced. Hén tai cbng nglé nay cho phép cac nhaang cé
thé két hop 16i 5 kénh cadd rong 20Mhz thanh 1 kénh ath rong 100Mhz, nhanh
hon 5 &n so i LTE théng throng.

Hiéu suit sir dung pto tan dinh duong xuwdng 1a 30 b/s (gi sir s dung MIMO
8x8). Hiéu stht sir dung pld tan dinh duong 18n 1a 15 b/s (gisir sir dung MIMO
4x4). MIMO (Multiple Input Multiple Outpu) cho phép cac4m thu phat va cac



thiét bi di dong gri va nhin d liéu bing nhéu ing-ten. LTE c6 & tro phan nao
MIMO nhung ch cho chéu tai xuéng. Ngoai ra chin nay con gii han $ luong
ing-tend muc ti da la Bn b phéatd phia tam va Hn bo thu & thiét bi di dong.
LTE-Advanced thi cho phépitda tdm &p thu phat chiéu ti xubng va bn cip

& chiéu tai 18n. MIMO thuc hién hai chirc ning. O mdi treong khéng day nki

nhidu—nhr tai ria cac cell hac trong ndt 6 td dang di chugn—cac b phat va
thu € phdi hop véi nhaudé tap trung tin hgu v tuyén vao ndt husng ax thé.

Chac ning beamforminggitp cho tin Fu thuduoc manh 18n ma khéngam phii

taing cong sét phat. Khi séng tin Bu manh con nhiu thi yéu—nhr khi nguoi

dungdung yén vas gan tram phat—MIMO c6 th dugc dungdé 1am ting e do

dir liéu, hay &ing $ lwong ngroi dung, ma khéng gt dung thém pb tan . Ky

thuat nay co tén 1a “ghép kénh khéng giargpétial multiplexind, gidp nhéu

ludng di liéu duoc truyén di cing luc, trén cungah $ séng mang. Vi g mot

tram thu phat ¢i tam b phat c6 th truyén dong thyi tam ludng tin héu t6i mot

may dién thai c6 tam B thu. Do mdi ludng dr liéu t6i mdi bo thu céd hréng,

cuong do, va thvi gian hoi khac nhau réit chat nén cac thit toan xr ly trong may
c6 thé két hop chdng i nhau va da vao nliing khac bit naydé tim ra cac lang

dir liéu gdc. Théng throng thi ghép kénh khéng gian cé&tkim ting tc do dir

liéu ty 1& thuan voi s6 cap ang-ten thu phéat. Doay, trong teong hop kha quan
nhat, 8 cip thu phét c6é thting ¢ d6 dir liéu Ién khang 8 bn.

Mot cong ngh quan tong khac aa LTE-Advanced la tridn ndi tiép (relaying,

duoc dungdé mé rong ving pl séng &i nhitng roi ¢6 tin héu yéu. Cac K s

thiét ké mang Vin thuong dung céng nghnaydé mé rong ving pli séng @a cac
tram thu phatdi noi xa x6i haic trongduong Him cia tiu hoa. Dau vay thi cac b

truyén ndi tiép thdng throng, hay con gi la bo lap, lai khddon gian. Chang nhan

tin hiéu, khuyéch dai, rdi truyén di. LTE-Advanced B trg cac clé do truyén ndi

tiép tién tén hon. Trude tién no 8 giai ma 6t ca cac dr lidu thuduoc i saudo

chi chuyén di nhitng dr liéu cddich dén la cac thit bi di dong ma ndi bo truyén

néi tiép dang plic vu. Phrong phap nay gidp gn can nhdu va ting $ luong



khach hang & ndi toi bo truyén ndi tiép. LTE-Advanced con cho phép cég b
truyén ndi tiép dung cung phtan £ va cac giao tic aia tam thu phatié lién lac
véi tram thu phéat va & cac thét bi diu cubi. Loi thé caa viec nay 1a né cho phép
cac may LTE Et ndi ti bo truyén ndi tiép nhr thé d6 1a mdt tram thu phét théng
thuong. BO truyén nbi tiép < chi phat séng vao rimg thyi diém oy thé khi ma
tram thu phat khoéng b dong dé tranh gay nidiu cho tam thu phat.

Mot cong @ quan tong khac éa LTE-Advanced thiggilp ghi quyét hién twong
nghén mang. Puoc biét t6i véi cai tén elCIC ¢nhanced inter-cell interference
coordinatior), né € dugc Sr dung trong & thong duoc goi 1& mang khéngdong
nhit (Heterogeneous NetworksTrong mang ndy, cac m thu phat cong s
thip < tao ra cac cell nb nam chbng Ién mang ludi cac cell bn do cac tm thu
phéat théng thong o ra. Rit nhiéu nha nang da kit dau Sr dung cac tam thu
phat nld véi nhiéu mrc kich & (condugc goi bang cac tén metro-, micro-, pico-,
hay femtocell)dé ting mic tai dit liéu trong cac vingd thi déngdic. NHing b
thu phat nay cé kich tiéc nh gon, gia thanhd, khéng éng kénh, va fip dat thi
dé dang lon. Do Vidy ma gbi phan tich choang chlng couong lai troi sang.
Nhung khi cac nha ang dit ngay cang nku tram thu phéat vao cung éh khu
vuc, hp 8 phai tim cachdé giam thiéu can nhiu kho tranh khi gitta ching. Giao
thac elCICduoc xay ding dra trén giao thc ICIC aia LTE \6n dé gitip gam can
nhidu giira hai cell &n. Sr dung ICIC, ndt tram thu phat cé th giam cong sét
phéto nhitng @in $ va khding thoi gian a1 thé trong khi ndt tram ké bén & dung
nhitng tai nguy@nié dé lién lac v6i cAc maydangé ria ving pk séng ¢a noé. Tuy
nhién phrong phéap chiaésphd nay ch co tac dng Wi cac lbng dr liéu. Bé lién
lac duoc véi mot thiét bi di dong va gitp no kiu duoc ludng dr liéu thi tam phat
phai truyén di cac tin héu diéu khién trongdo co chira cac thdng tin & quan ly
nhu lich trinh hat dong, cac yéu au phat 4i, va cac chdin dé giai ma. Do thét

bi di dong chy cac thdngliép nay ti trén cacin $ va thyi diém oy thé, nén not
tram phét khéng th thaai mai cho cac tm bén anh dung nirng tai nguyénio

mdi khi ching én. LTE gii quyét van dé nay king cach phat céc tin&ui diéu



khién c6 tt chiu duoc lugng can nHu trong déi cao. Tuy My, Sr xuat hién aia
cac cell nid lai 1am cho moi viéc phic tap hon. Vi du khi mot sd thiét bi di dong
mudn thiét 1ap két ndi toi mot cell nhy dang rim trong ndt cell 16N, thi cac tin
hiéu diéu khién tir cell Ion c6 tie 1an &t nkiing tin héu nay tr cell nhb. Giao thirc
elCIC x ly tinh hibng nay theo @t trong hai cach sau.8N hé théng mang co s
dung ky thuat cong gop séng mangé ghép hai hay nBu kénh én s thi cell bn
va cell nld s chi viéc sr dung cac kénh tach &idé gui cac tin héu diéu khién.
Tuy VAy ca hai celldéu sr dung it ca cac kénhié truyén di liéu nén khach hang
di dong Vin huong loi tir viéc gop bing théng. Hai cell nay chia pho tin £,
bang cach phbi hop wi nhaudé sir dung céac 4n $ trong ntirng thyi diém khac
nhau, trong tr nhr trong ICIC.Ddi véi cdc mang cH s dung nbt kénh én <,
elCIC c6 ndt giai phap khac. N6 cho phép cefinl ding viéc truyén di liéu va
giam cong sat phat tin hiu diéu khién trong nliing khaing thyi gian dai 1/1000
giay da dugc quydinh tude, goi la cac khung &p thip (subframe). Mt cell nho
c6 the thu »ép dé truyén ca tin hiéu diéu khién va dr liéu trong nliing khaing thi
gian nay. K thuat nay cho phép nbii ngroi dung Kt ndi téi cell nho va do iy
tang dungtrgng dr liéu.

Tinh ning chinh céi cing trong danh sach céc tining aia LTE-Advanced &
gilip ai thién hon nira tin héu va ting ¢ do dir liéu tai ving bién @a cac cell,
noi ma co tik kho codugc mot két ndi tét. Ky thuat nay co tén g 1a CoMP
(coordinated multipoint phbi hop da diém). Vé co ban, n6é cho phép i thiét bi
di d6ng cung nit 1Gc traoddi dir liéu voi nhidu tram thu phat. Vi d nhe hai tam
thu phét Ién k& c6 thé cung luc @i dit liéu gibng nhau & mot thiét bi dodo ting
kha ning nhin dugc tin héu ot caa thiét bi d6. Twong tr nhu vay, mot thiét bi
ciing c6 tie clng ndt IGc tai dit liéu 18n @& hai tam thu phat, cac 4m naydong
vai trd nhr mot mang ang-tenao < cung nhau & Iy tin hiéu thudwoc dé loai bo
16i. Hoic thiét bi co the tai dir liéu 1én qua cell nb & gan bén, gilp dgim ning

lugng phét trong khi&n nhan tin hiu tai xuéng ©t tir Mot tram thu phatén hon.



1.2 Kién tric mang 4G LTE/ LTE Advanced

Kién trac ming LTE duoc thiét ké véi muc tiéu b trg hoan toan chin mach goi
véi tinh di dong linh hat, chit lvgng dch wi cao vado tré thi thiéu. Voi mot thiét ké
phang hon, don gian hon, ch véi 2 nat chu thé 1a eNodeB va tinc thé quan 1y di dong
MME (Mobility Management Entify Phn diéu khién mang vé tuyn RNC duoc loai bo
va thay vaaidé chrc ning aia né ¢ dugc thuc hién trong cac eNodeB. Hinh 2 - ir@
day mé & kién tric va cac thanh ph ocia mang LTE. Kién trdc @a mang e co ban dugc
chia thanh cac pim chinh bao gn : mang truy nfp vé tuy¥n E-UTRAN Evolved
UMTS Terrestrial Radio Access Netwgykmang 16i EPC Evolved Packet Cojgvung

dich wu (Services Domain).

Services
External networks:
Operator Services (e.g. IMS)

and Internet

- EPC

)7
>
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(({nn} \(u* ! :’}j E-UTRAN
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User Equipment
LTE g

Hinh 1 - 1: Kén tric o bdn aia hé thong LTE
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1.2.1 Meng truy nhdp vé tuyn E-UTRAN

Mic du UMTS, HSDPA va HSUPA cung cac phi@&m Iphat trén cia chingda cé
thé cung @p truyén tai di liéu voi toc do cao, & dung dr liéu khéng day. Tuy nhién do



nhu @u cia cac éch wi va roi dung tréndudng truyén doi hoi cac nha mng phii co toc
d6 nhanh lon nhrng lai phai giam chi phi cho ngoi st dung ti dau cwi. Do d6 3GPRia
phét tren mot giao dén vo tuyn moi d¢é daping cac nhu au nay. E — UTRAN (Evolved
UMTS Terrestrial Radio Accessli radoi va la phién bBn nang ép acia giao dén vo
tuyén cho cac nng didong.

Céc tinh ning cia E — UTRAN:

- Déi véi hé thong LTE e do tai xudng I6n nhit co tré dat tai 300 Mbit/s (i hé thong
MIMO 4x4 anten), 150 Mbit/s @i hé thong MIMO 2x2 anten) ¥i do rong bing #n 20
MHz. Condéi véi hé théng LTE — Advancedisdung MIMO 8x8 antendc do tai xudng
lon nHit co the dat t6i 3000 Mbit/s trén bng tin cddo rong 100 Mhz.

- Di vai hé thing LTE $c do tai 1én lon nhit co the dat t6i 75 Mbit/s Wi biang #in 20
MHz, con \6i LTE — Advanced thi cé thién %i 1500 Mbit/s \6i bang tin 100 Mhz.

- Tr& truyén tai dir liéu thip (khaang 5ms cho céc goéi IP alirongdiéu kién tdi uu), thoi
gian té cho vic chuyén giao va thi gian thét 1ap két ndi ciing thip hon.

- Hb trg cho cac thit bi dau cwi di chuyén vai téc do cao co th 1én i 350 — 500 km/h
ty thubc vao king @n.

- Ho tro ca FDD va TDD song céng, FDD ban song cong cho cuagadng ngk truy
nhap vo tuyén.

- HO tro tit ca cac king tin dangduoc st dung cho cac &ithdng IMT theo ITU — R.

- Bang thong linh het: 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz, 20 MH#u da

dugc chuin hoéa.
- Tang héu qua St dung in $ 6 the [én i 2-5 lan so i trong 3GPP (HSPA) phiérib 6.
- Hb tro cac cell co ban kinlkrvai chuc met (femto va pico cell) chéitl00 km (marco cell).

- Kién trdcdon gian: vé phia mit phing mang dia E — UTRANduoc tao nén ch bing cac
eNodeB.



- Hb tro twong tac Wi cac k¢ théng khac (nbr GSM/EDGE, UMTS, CDMA 2000,
WIMAX...).

- E — UTRAN & giao din vo tuyén chuyén mach goi.

1.2.1.1 User Equipment (UE)

UE la thét bi dau cuwbi ma ngroi sir dung dungdé két ndi. Thong throng UE 1a cac
thiét bi cam tay nhr dién thaai thdng minh héc céc card @ liéu dugc sr dung nhr trong
2G va 3G. UE thong c6 ndt moduledé nhan dang thué bao @ l1a USIM (Universal
Subscriber Identity Module}fay 1a ndt module riéng it voi cac pfin con hi cua UE
thuong duoc goi 1a thiét bi dau cubi TE (Terminal Equipment). USIM thing duoc st
dung dé nhan dang va xac thrc thué bao va dung cac khéeobmit cho viec bao vé truyén
tai trong giao dén vo tuyén. Chrc ning chinh éa UE |a gn tang cho céaarng ding két
ndi, gilp cho tin Mu két nbi véi mang dugc thiét 1ap, duy tri va ngt khi ngroi sir dung
yéu du. Diéu nay bao m céc clrc ning quin ly tinh didong nhr chuyén giao, théng
b&o \i tri caa thiét bi va nhing viéc d6 § duoc UE thrc hién theo cac chdin cia mang.
Chirc ning quan tsng nHit c6 E 1a UE cung ép giao dén ngroi sir dung — caorng ding

toi cho ngroi sir dung.
1.2.1.2 ENodeB

E — UTRANdon gian 6 tié hiéu 1a mot mang cac ENodeB & ndi véi nhau, cac
ENodeBdugc phan b khip cac viing pi séng éa mjang.ENodeB ladm gbc méi phéat
trién tir NodeB trong UTRAN @a UMTS va la nat mng duy nlt trong mang truy ntp
vo tuyén E - UTRAN. ENodeB ta thyc hién chrc ning nhr mot NodeB binh thong
vira thyc hién chic ning diéu khién nhr RNC (Radio Network Controller), & don gian
héa kén tric nay cho phép gn thoi gian té trong cac hat dong aia giao dén vo
tuyén.ENodeB hat dong nhr mot cau ndi 16p 2 gira UE va mang 16i EPC, ENodeB a
diém két thic @a tit ca cac giao thc vo tuyén vé phia UE va chuln tiép di liéu giira két

néi vo tuyén va cac kt ndi IP twong tng V& phia EPC. Trong vai trd nay cac ENodeB



thuc hién viéc nén/gii nén céc tiéuté IP, ma hdéa/gi ma cac @ liéu trén nit phing
nguoi st dung.
Céc giao dén két ndi cia ENodeB:

- ENodeB Kt ndi véi thiét bi caa ngroi sir dung théng qua giao & LTE — Uu ling giao
thac OFDMA (theo lréng xubng) va giao ttic SC — FDMA (theo téng 1én).

- ENodeB Kt ndi voi thuc thé quan ly di ddng MME thdng qua giao tit S1 — AP trén
giao dén S1 — MME (hay S1 — C) cho caallrong aia mit phing diéu khién.

- ENodeB Kt ndi vai Serving Gateway (S - GW) théng qua giaddiGTP — U trén giao

dién S1 — U cho céarli lwgng cia mit phing ngroi sir dung.

Ca 2 giao dén S1 — MME va S1 — Wduoc goi chung 1a giao din S1 1a giao din két ndi
tor ENodeB &i mang 16i EPC.

- ENodeB ¢ dung giao tlirc X2 — AP trén giao @h X2 dé két ndi véi cac ENodeB khéc.

Pool of MMEs Pool of S-GWs

s &
* Mobility Management ~#, User Plane Tunnels for UL

% £ L
# Bearer handling A and DL data delivery
o Security settings ((l I))
¢ Radio Resource Management P —— ¢ Inter eNodeB handovers
¢ Mobility Management —— » Forwarding of DL data

during handovers

o Bearer handling 41 T
o User Plane data delivery S5 eNodeB
* Securing and optimizing rad ik

: ! ((: 0)
interface delivery = ( ) Other eNodeBs
4 UEs = ~=—"'='. .
e —_—— ==

Hinh 1 - 2: Céc Kt néi ciia ENodeBdi cac nat logic khac va cac ¢h ning chinh



ENodeB ding thuc hién nhiéu cac chic ning trén mat phang diéu khién:

- Quan ly tai nguyén vé tuyn RRM (Radio Resource Management)diéu khién viéc
st dung tai nguyén trén cac giaocédivd tuynnhr phan 16 tai nguyén da trén yéu au,
cau hinh va 4p lich leu lwong theo cac yéuao QoS, liéndc gidm sat \ic sr dung tai

nguyén trén giao dn vo tuyén.

- Quan ly tinh di dong MM (Mobility Management): do dac va phan tich &c do tin
hiéu trén cac & ndi voi UE, quan ly cac UE trong ving ghsong éa ENodeB, Et ndi

t6i cac ENodeB khadé traodoi cac thong tin chudn giao gira ENodeBi6 va MME, kra
chon MME khi c6 yéu éu tr mot UE, cung @ép dir liéu mit phang ngroi sir dung ©i cac
cong dch w S — GW. Céac ENodeB codlphuc vu dong thyi nhiéu UE trong ving pin
séng @a nd nleng mdi UE chi duoc két ndi téi mot ENodeB trong cuing &t thoi diém.

Mot ENodeB c6 th két ndi toi nhiéu MME va S — GW nim muc dich phan i va dr

phong, tuy nhién 8i UE chi duoc phuc vu boi mot MME va S — GW 4i mot thoi diém

va ENodeB phi chju trach nndm \é viéc dinh tuyén aing nhr phai duy tri viéc theo ddi
cac lién Kt nay.

Hinh 1 - 2 cho chiing tap cac Kt ndi cia ENodeB i cac nat logic khac cling
véi cac chirc ning chinh éa ENodeB trén céc giaoéti nay. Trongat ca cac Kt ndi cua
ENodeB c6 th c6 cing mbt — nhéu haic nhéu — nhéu. Mot ENodeB ¢6 th phuc wu
nhiéu UE trong ving ph séng @a no, tuy nhién @i UE chi két ndi téi mot ENodeB
trong not thoi diém. Viéc cac ENodeB & ni tsi cac ENodeB hang xénié trao doi
thdng tin chugn giao la ft can thiét khi nd phii thyc hién chuyén giao. Cac MME va S —
GW la not tap hop cac nuidugc gop lai dé phuc vu mot tap hop cac ENodeB riéng &,
Mot ENodeB c6 th két ndi ti nhiéu nhéu MME va S — GW tuy nhién & UE chi duoc
phuc vu boi mét MME va S — GW di mot thoi diém, va ENodeB &theo dbi cac lien &
nay. CAc lién & nay $ khong bao gi thaydoi véi mot ENodeB riéngd, bai vi MME va
S — GW chithaydai lién két khi cé st chuyén giao lién ENodeB.



1.2.1.3 Tr cau hinh trén cac giao dih S1 — MME va X2

Trong 3GPP phiéndm 8da cHip thuan dinh nghia cho véc h tro tu ciu hinh trén
cac giao din S1 — MME va X2. ¥ co ban qué trinh thrc hién viéc ty cau hinhduoc trinh
bay trong hinh 1 - 3. Khi & ENodeBduoc bat 18n (va cé dn tai sin mot két ndi IP), no
s3 két ndi ¢én O&M (Operation and Maintenance)ufa trén caclia ch IP da duoc biét)
dé nhan dugc cac tham &trong caadiéu khain d6i voi mdi thanh pln cia mang ma né
két ndi téi, ciing nhr cac tham & khai tao bandau cia nha cungap dich w ching han

nhu bing tin haat dong va cac lei tham $ bao @m cho cac kénh dimg ba.
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Hinh 1 - 3: Cac béc tw cdu hinh ¢ia ENodeB
Viéc tr cau hinh nay d kién bao ém c viéc thiét 1ap két ndi S1 — MME king
cachdau tién ¢ thiét lap lién kKt SCTP (Stream Control Transmission Protocdl) it
nhat mot MME, va ot khi da dugc két ndi nd < tiép tuc traoddi cac thdng tin tréndp
trng ding dé tao ra cac hat dong trén giao din S1 — MME. Sau khi liénét téi MME da
ton tai, thi saudo cac lién Kt téi S — GW @én duoc thiét 1ap cho véc truyén dit liéu trén

mat phang ngroi str dung.



bé kich hat cac clirc ning nhr diéu khién tinh didong va nhéu cac cell 1an an,
viéc ciu hinh giao din X2 ding ¢n tuan theo cacudc trong tr nhr ¢ giao dén S1 —
MME. C6 mpt sy khac bt ¢ day d6 1a bandau ENodeB & thiét 1ap két ndi X2 cho
nhitng ENodeBduoc ch dinh tr O&M va sau khida thichiing duoc Véi cac diéu kién
méi trueong thi € tién hanh éi vu hoa mén két ndi X2 dya trén nhu &u thyc t caa viéc

chuyén giao. Cac thdngisiuoc traoddi trén giao dén X2 gom co:
- binh danh toanau cia ENodeB.

- Thong tin \ cac tham & cu thé nhe Physical Cell ID (PCl),an £ duong lénfuong
xubng dugc sr dung, hing théngdugc st dung.

- Cac MME Kt néi téi. (MME Pool)

2.2.2 Kén tric mang 16i LTE (EPC — Evolved Packet Core)

Mot trong nlitng thaydéi |6n nhat trong kéén tric mang LTE 1a trong khu wc
mang 18i ch s dung mdt pheong thic chuyn mach duy nlt 6 1a chugn mach goi.
Kién tric dia mang 18i EPC lréng i la mot kién trac don gian, mot kién trac all — IP
cuing \6i viéc phan chiadu luong theo cac @it phing diéu khién va niit phing ngroi sir
dung, I trg tbc d6 cao on va té nho hon nhrng ki giam duoc chi phi.

Céc thanh pin cia mang 16i EPC bao gm:

1.2.2.1 Thre thé quan Iy tinh didéng MME (Mobility Management Entity)

Thuc thé quan ly tinh didong MME 1a thanh pin diéu khién chinh trong rng 6
EPC. Théng thong MME la cac may aldugc dat tai mot vi tri an toan ¢a nha cung
cap. MME chi hoat dong trén nit phing diéu khién va khdéng tham gia vaoad truyén dir
liéu trén mit phing ngroi sir dung.Nhr ching tada thiy trong kén tric @ia LTE fang
khéng cé cac giao & két ndi truc tiép tr MME t6i UE tuy nhién MME c6 rét két ni
logic truc tiép t6i UE trén miit phang diéu khién, két ndi nay duoc sr dung nhr mot kénh
diéu khién chinh gita UE va mang. C4c ctic nang chinh éa MME bao ¢m:



Xac thuc va bio mat: Khi mot UE diang ky vao mang ln dau tién, MME § thuc hién
viéc khsi tao viéc xac thrc theo cac bsc sau:dau tién MME € tim kiém dinh danh
thuong tri @ia UE tr cAc maing khac hac tir chinh UE, sad6 yéu éu tr may chi quan
ly thué bao throng trd trong mng chi caia UE céc vector xac tie c6 chira cac @p tham
sb xac thrc c6 ding yéu au —dapung; gri cac yéu éu t6i UE va so sankiapang nHin
duoc tir UE V6i mot daprng nhin duoc tir mang chi. Chrc ning nay la én thiét dé dam
bao ring UE ding la thét bi ma MME dang @én xac thrc. MME c0 thé lap lai viéc xac
thie khi cin haic theo cac chuk MME s3 tinh toandé tao ra cac khéa ma héa va khoa
bao vé toan n tir cac khda chinh riim dugc trong cac vector xacie cia nang chi, va
né € diéu khién cac thét 1ap lién quan trong emg truy ntp vé tuyén E — UTRAN cho
cac mit phing diéu khién va mit phing ngroi sir dung mdt cach riéng lit. Bé bao vé sy
riéng tr cia UE, MME € cung @ép cho mdi UE mot dinh danh 4m thyi Globally Unique
Temporary Identity (GUTI)diéu nay gitp cho ¥c gri cacdinh danh throng tri @ia UE
— International Mobile Subscriber Identity (IMSHEh giao din vé tuyn duogc ti thiéu
hoéa. Caatinh danh GUTI ¢6 thdugc cp lai theodinh ky ¢é ngin chin viéc theo déi UE

khéngduoc xac thrc.

Quan ly tinh di @ong: MME theo dbi v tri caa tit ca cac UE trong khuwe dich wi cia
no. Khi mot UE lan dau tiéndang ky vao mng, MME tao mot muc cho UE va tin Bu va
béao héu vi tri toi may chi HSS trong mng chi cia UE. MME yéu 8u cac tai nguyén
thich hop cho viéc thiét 1ap tai ENodeB ding nhr tai S — GW ma ndia chon cho UE.
MME diéu khién viéc thiét 1ap va gai phong tai nguyényh trén g thay doi trang thai
hoat dong axa UE. MME ding tham gia vao ¢t diéu khién tin héu cho véc chuyn giao
théng tin tang thai hat dong aia UE gita cac ENodeB, S — GW #o cac MME khéc.
MME ciing c6 lién quandi moi su thaydoi caa ENodeB, bi vi né khdng c6 cac RNC
riéng bit dé gidu di cac s kién thayddi nay. Mot UE nhan &i s8 bao céo vitri cia nd
hoic la theodinh ky haic 1a khi né di chugn vao nét ving theo ddi (Tracking Area)

khac. Neu dir liéu duoc nhin tir cAc mang ngoai éa mdt UE ranh i, thi MME 8 duoc



théng béo va yéuaa cac ENodeB trong ving theo daultrir lai cac théng tindd trong

muc cia UE.

Quan ly ho so thué bao va dch vu két noi: Tai thoi diém mot UE dang ky vao mang,
MME c6 trach nhém lay ho so thué baott mang chi va kru trir thdng tin nay trong $i
thoi gian phuc vu UE. Ho so nay $ xacdinh cac Kt ndi PDN (Packet Data Networkg s
duoc cip cho UEdé két ndi vao mang. MME € ty dong thiét 1ap song manmic dinh dé
c6 thé cung ép cho UE céac & ndi IP co ban. Diéu nay bao §m bao héu trén nit phang
diéu khién v6i ENodeB va S — GW. 4 bat ky thoi diém nao sau nay, MMEaa phai
tham gia vao Vic thiét 1ap cacsong manglanh riéng cho cadeh w diéu d6 < c6 héu
qua trong viéc xa ly nhanh lon. MME c6 thé nhan cac yéu #u thiét 1ap song mangianh
riéng hdc la tr S — GW Bu nhr yéu du dugc xuit phat tr ving dch wi cua cac nha
cung @p dich w haic truc tiép tr UE réu nhr UE yéu au mot két ndi cho not dich w
ma khéng bt dugc cung ép boi ving dch wi cia nha cungap dich wi ndo, va khong
thé khoi tao duoc tir do.

Vé nguyén ic MME c0 thé két ndi tsi bat ky MME nao trong B théng tuy nhién
chi két ndi téi mot nha cung &p dich w duy nhit. Cac Kt ndi gitta cdc MMEdugc Sr
dung khi not UE di chugn quéa xa so & MME cii vadang ky trong not MME mai,
MME méi saud6 s nhan dugc dinh danh tirong trd IMSI &r MME cii. Cac Kt ndi lién —
MME véi cac MME hang xéndugc Sr dung trong véc chuyén giao.

Céc Kt ndi toi mot sd may chi HSS ding din duoc h trg. Cac HSS thong duoc
phan 1§ tai mi mang chi caa ngrdi st dung, va véc dinh tuyén toi nd co i duoc tim
thiy dwa trén IMSI. M5i MME s& dugc ciu hinhdé diéu khién mot tap hop S — GW va
ENodeB. Tuy nhién cac S — GW va ENodeB oo két ndi toi nhiéu MME khac nhau.
Cac MME c6 th phuc wu nhiéu UE &i clng ndt thoi diém nhrng mdi UE chi c6 th két
ndi téi mét MME tai ciing ndt thoi diém.
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Hinh 1 - 4: Céc Kt néi cia MME i cac nat logic khac va cac ¢h ning chinh
1.2.2.2 @ng phic w S — GW (Serving gateway)

Trong kién tric @ ban cia ke thong, &i mic high levelchac ning aia S — GWd6
la quan ly cAcduong him va vic chuyén mach trén nit phang ngroi sir dung. S — GW 1a
mot trong nhiing thanh pln trong @ s ha ting mang dugc khai thacti mot vi tri trung

tam trong mang aia cac nha cungip dich wu.

S — GW lién Kt voi cong mang dr liéu goi P — GW qua giao ¢h S5/S8. Nu giao
dién S5/S8 da trén giao thc GTP (GPRS Tunnelling Protocol) thi S — GWce cac
duong Am GTP trén 4t ca cac giao din thuyc mit phing ngroi st dung aia nod. Vic
anh x gitta cac léng dch w IP va caaiuong im GTPduoc thee hién tai P — GW va S
— GW khéng én thiét phai két ndi tsi PCRF. Nu giao dén S5/S8 & dung giao thic
PMIP (Proxy Mobile Internet Protocol) thi S — GW thuc hién viéc anh x céc lbng
dich w IP trong giao din S5/S8 va caduong im GTP trén giao éh S1 — U, va&skét
néi téi PCRFdé nhan cac thong tin anhax

S — GW c6 mt vai trd it nho trong cac chc nang diéu khién, no ch dapting cho

cac tai nguyéni@ chinh né va phaniching theo yéuaa tr MME, P — GW hédc PCRF



hoic cac hat dong cn thiét cho vic thiét 1ap, sra chira haic hay bo cadcs6ng managcho
UE. Néu nhr nhan duoc yéu @u tir P — GW héc PCRF thi S — GWastruyén Iénh i
MME & nédiéu khién duong him toi ENodeB. Trong tr nhu vay khi MME khéi tao cac
yéu du, thi S — GW & bao héu haic cho P — GW hix PCRF ph thujc vao giao din
S5/S8 @ra trén giao thc GTP hay PMIP. Bu giao dén S5/S8 d¢a trén giao thc PMIP,
thi dit liéu trong giao din d6 < 1a cac lwng IPdit trong mdt dudng lim GRE (Generic
Routing Encapsulation) chodnUE; con réu giao dén S5/S8 ¢a trén giao thc GTP thi
mbdi s6ng mangs c6 nbt duong em GTP @a chinh né.

MME c6 thé ra knh cho S — GW chn cacduong him tir mot ENodeB nay sang
mot ENodeB khac. MME iing c6 tié¢ yéu du S — GW cungap cacdudng him cho vic
chuyén tiép dir liéu, khi ma én chuyn tiép di liéu tir ENodeB ngan d¢én mit ENodeB
dich trong ltic URtang thrc hién chuyén giao vo tugn. Trong cac ich kin tinh didong
c6 thé bao @m viéc thaydoi tr mot S — GW nay sang éh cai khac, MME & diéu khién
viéc thayddi ndy sao cho phudp, bing cach x6a & cacduong im cho S — GW & va
thiét 1ap cacduong lam cho S — GW 1.

Déi véi tat ca cac Ibng dr lidu di toi mot UE dangé trang thaida két ndi, S — GW
s3 chuyén tiép di liéu gita ENodeB va P — GW. Tuy nhiédinUE ¢ trang thai &nh i,
cac ngén tai nguyén trén ENodeB4 dugc giai phong vaduong truyén dir lisu s két
thic bi S — GW. Nu S — GW nhn duoc cac goi @ liéu tr P — GW trén &t ky duong
him nao, n6 & cho cac gdi vaoddém va yéu éu MME khoi tao pagingcho cac UE,
diéu nay chinh Ia nguy@n nhan gitp cho UE ki lai va saudd cacduong ham ding
duoc két ndi lai va cac goi tin trong ®dém < duoc gii di. S — GW & theo ddi d liéu
trong caatuong bam va co th thu thip cac d liéu cho véc tinh ardc caa ngroi sir dung.
S — GW déng ¢om chic ning cho véc ngin chin hop phap,diéu nay c6 ngta la cé ti
cung @p di liéu da theo ddi ¢a ngroi sir dung cho chinh qudn dé kiém tra.
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Hinh 1 - 5: Céac Kt noi ciia S - GWdi cac nut logic khac va cac ¢h ning chinh

Hinh 1 - 5 cho ta tty cach S — GW & ndi toi cac nit logic khac, va cac oh
nang chinh trén cac giaodti nay. Ht ca cac giao din déu dugc ciu hinh theo ehg mt
— nhiu khi quan sat trén 'S — GW. Mt S — GW c¢6 th phuc vu mot khu wre dia ly ax
thé véi mot sd han ché cac ENodeB, vaurbng tr $5 ¢6 mt b han ché cac MMEdé diéu
khién khu wrc nay. S — GW c6 thkét ndi téi bat ky P — GW nao trong toardbmang, boi
vi P — GW khéng thagdi trong st qué trinh didong, trong khi S — GW ¢ édugc
dinh Vi lai khi UE di chun. Bi voi cac Kt ndi lién quandén mot UE, S — GW & lubn
b&o hgu véi chi mot MME, va ftr cac diém trén mit phing ngrdi st dung ©i mot
ENodeB &i mot thoi diém. Néu nle UE cho phép & ndi téi nhiéu mang dx liéu goi PDN
(Packet Data Network) thdng qua cac P — GW khaawntta S — GW &n két ndi dén
chang ndt cach riéng k§it. Néu giao dén S5/S8 da trén giao thc PMIP, S — GW &két
ndi téi mét PCRS cho @i P — GW riéng kit ma UE & dung.

Hinh 1 - 5 éing cho ching ta fly truong hop chuyén tiép dir liéu gian tép khi di
liéu trén mit phang ngroi sir dung dugc chuyén tiép gita cdc ENodeB thdng qua cac S —
GW. Céc giao d@in duoc sr dung gita cac S — GW khdng c6 tén thé tuy nhién né co



dinh cang ¢in gidng nhr giao dén S1 — U, n6 gilp S — GW coétkét ndi truc tiép voi
mot ENodeB.Diéu nay trong trong hop chuyén tiép dir liéu gian tép s thuc hién trén
chi mot S — GW, cac ENodeB codtikét ndi toi cling mot S — GW.

1.2.2.3 @ng mung d# lidu goi P — GW (Packet Data Network gateway)

P — GW la cac ddinh tuyén bién gira EPS va cac ang chugn mach goi khac.
Thong throng P — GW hat dong nhr mat nat IP (IP poinugc gin véi UE, no thre hién
céc chirc nang chon va be lvu leong di qua theo yéuau cia dch w. Tuong tr nhe S —
GW, cac P — GWimng duogc khai thacti mét vi tri trung tdm trong |ang aia cac nha

cung @p dich w.

Chic ning aia P — GW 1a phandcacdia cH IP ti cho UE, va UE & dungdia
chi IP d6 dé két ndi véi cac IP host trong cacang ngoai. Mt mang PDN bén ngoai ma
UE két ndi dén diing c6 tit phan b dia cH dangduoc ar dung hyi UE, va P — GW &tao
cacduong ham cho it ca cac lru lrong dén mang d6. Cacdia cH IP luén luénduoc phan
bo khi UE y&u éu mot két ndi PDN, haic duoc thrc hién réu cé ndt UE két ndi toi
mang, va co th dugc phan b khi co6 mot két nbi PDN msi diéu nay 1a én thiét. P — GW
thuc hién viéc phan b dia cH IP € yéu du céac clic ning DHCP (Dynamic Host
Configuration Protocol), hm truy Vin dén mot may cti DHCP bén ngoai vaig cacdia
chi &n UE. CH IPv4, ch IPv6 hdic & hai laai dia ch s5 dugc phan b néu cin, UE ¢6
thé b&do héu n6 mwn nhin dugc loai dia cH nao trong bao Bu Attachsignalling haic

trong tizong hop UE mn ciu hinhdia cH sau khi link layeduoc két ndi.

P — GW bao §m ca PCEF (Policy and Charging Enforcement Functidiéy nay
c6 ngha la P — GW thic hién céc cliec mang chon va be luu hrong theo cac chinh sach
duoc thiét 1ap cho UE va cacidh w theo yéu 8u, P — GW & thu thip va béao céo céc
théng tin lién quandi viéc tinh arsc.

Luu lrong trén nit phang ngroi sir dung gita P — GW va cac #mg ngoai &8 dugc
dinh cang theo cac géi tin IP védi theo cac ldng dch w IP khac nhau. Bu giao dén
S5/S8 wi S — GW dra trén giao thc GTP, P — GW tinc hién viéc anh x giita cac léng



di liéu IP Wi cacduong im GTP ling cac soéng mang. P — GWéhiap cac séng mang
dra trén cac yéuao nhin duoc thdng qua PCRF Bo toi tir S — GW, héc cac thong tin
chuyén tiép ti tir MME. Trong tzong hop cwi, P — GW @n phai tuong tac wi PCRFdé
nhan dugc théng tindiéu khién chinh sach phiolp réu nhr théng tindd khdngduoc ciu
hinh trong P — GW. Bu giao dén S5/S8 da trén giao thc PMIP, P — GW &anh x tit
ca cac lng dch wi IP tr cAc mng ngoai & mot UE vao trong rit duong him GRE, va
tat ca cac thong tindiéu khién s chi duoc traodoi véi PCRF. P — GWiing c6 cac cic
nang cho véc giam sat cac fing dr liéu cho mic dich tinh eréc va cac chc ning cho
viéc ngin chin hop phap. Khi mt UE di chuygn tr mot S — GW nay sang 'S — GW
khac, cac song mang shuyén mach trong P — GW. P — GWe1han dugc cac chthi
chuyén mach tr S — GW ndi.
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Hinh 1 - 6: Céac Kt ndi cia P - GW i cac nat logic khac va cac ¢h ning chinh
Hinh 1 - 6 cho ching tadh cac Kt ndi caa P — GW di cac nut logic khéc trong
mang va cliic nang chinh éa P — GW trémiing giao dén. M&i P — GW c6 th két ni toi
mot hoic nhiéu PCRF, S — GW, va ang ngoaiDéi véi mot UE da lién Kt vsi P — GW,

thi ch c6 duy nldit S — GW, nleng c¢6 tte két ndi téi nhiéu mang ngoai vatong tng \oi



nhiéu PCRF @én duoc h trg, con réu két ndi toi nhiéu mang PDN thiduoc hd trg théng
qua ndt P — GW.

1.2.2.4 PCRF (Policy and Charging Resource Fungtion

PCRF la mit thanh pln cia mang d&é dap tng cho cliic ning diéu khién chinh
sach va tinhwoc. N6 ¢ dua ra cac quit dinh cho véc xi ly cac dch wi nhe thé nao
theo QoS, va cungip cac théng tindi cac PCERiuoc dit trong P — GW, va aputhg cho
ca cac BBERFRduoc dit trong S — GW ném muc dich thiét 1ap cac séng mang va chinh
sach tongtng. PCRF la it may chi thuong duoc dit cing i cac thanh pin khac aa

mang I8 p trung &i mot vi tri cia nha cungap dich w.

Céc thong tin ma PCRF cundpccho PCERugc goi 1a cac Idt diéu khién chinh
sach va tinhwdc PCC (Policy and Charging Control). PCRFggi cac Iuit PCC lat cir
khi ndo cé mit séng mang @i duoc thiét 1ap. Bidu nayddi vai viéc thiét 1ap séng mang
la cén thiét, vi du nhe khi UE khoi tao viéc két ndi téi mang va ndt séng mang&duogc
thiét 1ap, va ngay sadé mot hoic nhu séng mang danh riéng uoc thiét 1ap. PCRF
c6 thé cung @p cac ldt PCC dra trén yéu au tir P — GW vat S — GW trong trong hop
giao dén S5/S8 d¢a trén giao thc PMIP, hac dya trén yéu &u tir cAc AF (Application
Function) Am trong céc vungidh w (Service Domain). Trongi&h bin nay UE & nhin
b&o héu truc tiép tir Service Domain va AF&siay théng tin QoS ¢a dch w tgi PCRF
dé tao ra cac lat PCC sautd $ day cac luit nay bi P — GW, va cac théng tin anf x
séng mangdi S — GW. Sawté cac séng mang EPE &uoc thiét 1ap dwa trén cac thong
tin d6. CAc Kt ndi gitra PCRF va cac nat khdao chi ra trong hinh 1 - 7. 81 PCRF ¢6
thé duoc lién Kt v6i mot haic nhiéu AF, P — GW, va S — GW. Tuy nhiéniatd mbt

PCRFdugc két ndi voi mdi két néi PDN aia mdt UE riéng é.
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Hinh 1 - 7: Céc &t néi ciia PCRF &i cac nut logic khac va cac ¢h ning chinh
1.2.2.5 May chi thué bao throng tri HSS (Home Subscriber Server)

May chi thué bao thong trd HSS 14 ai luu trir dir liéu thué bao a it ca cac
thué bao & dinh. N6 ding ghi hi vi tri cia ngrdi st dung ddi véi cac natdiéu khién
mang ma ngoi sir dung da két ndi téi, chang han nhr MME. HSS la nat may chi co so

dir liéu duoc khai thacdi mot vi tri trung tdm trong ang aia nha cungap dich w.

HSS lru trit ban sao §c aia thong tin ¢ thué bao, trondd cé chira théng tin ¢ cac dch
vu dangdugc ap ding cho ngoi sir dung, bao §m cac théng tin & viéc cho phép cacé
néi téi mang PDN, va c roamingdén cac mang khac caiuoc cho phép hay khongé
ho tro tinh didong gita cac mng truy ntip non — 3GPP, HSSieg fuu trir ca dinh danh
cia cadc P — GW ma ching slung. Cac khéanh vién duoc sr dung dé tinh toan céc
vector xac tirc, saudo dugc gri dén mot mang khac dungté xac thrc ngroi st dung va
tao ra cac khoadp theo cho vic ma hoa va4o mit toan n, cac khdéa nagluoc hueu trir
tai trung tam xac thc AuC (Authentication Center)onthudng 1a ndt phan nim trong
HSS. Trong 4t ca cAc bao Hiu lién quan d&i cac chirc ning nay, HSS &tuong tac i
MME. HSS dén két ndi téi moi MME trong toan I mang, rvi ma cac UEtugc phép di
chuyén. Di voi mdi UE, HSS § ghi lai vi tri caa MME dang phluic vu UE tai mot thoi
diém, va ngay sau khi & MME mdi théng béo la ndang plic vu UE, HSS & x6a \i tri

cua MME truéc @6 va bru vi tri cia MME mbi.



1.2.3 Cac vung ith w

Céac vung ith wi co the bao @m cac i§ théng trongdé cé ndt vai nat logic. Cac
vung dch w duoc phan lai theo cac lai dich wi ¢6 th duoc cung dp cung bi mot md

ta ngan vé co s ha ting én phii cung dép cho chang:

- Céc dch w cua nha cung4p dra trén IMS (IP Multimedia System): C4c nha cug ¢
dich w c6 the cung ép céac dch w théng qua &théng IMS king cach & dung giao tlirc

SIP (Session Initiation Protocol).

- C4c dch w cia nha cungap khéng dra trén IMS: Cac ©¢h w nay khéngduoc dinh
ngHa trong cac tiéu chm. Mot cachdon gian cac nha cungap cé the dat mot may chi
trong mang aia hp va UE Kt ndi t6i may chi d6 théng qua it vai giao thirc dugc cho

phép matuoc ho tro boi cacung ding aia UE.

- Cac dch wi khac khéngiuoc cung ép hoi cac nha cungap mang didong vi di nhe
cac dch w dugc cung ép qua Internet: Cac & tric nay khéngtugc dé cap dén trong
cac tiéu chan cia 3GPP, va nd phthuoc vao yéu au caa dch wi. Cau hinhdién hinh §

la UE Kt ndi toi mot may chi trong mang Internet.

1.2.3.1 M hinh cungip dich w thogi VOLTE

Voice over LTE hay VoLTHiuoc dinh ngha nhr mot tiéu chén cho véc cung
cap cac dch w trén mang chuyn mach kénh — ch yéu la cac ich wi thaai va SMS — ¢6
thé cung ép trén mng ch cé chugn mach géi @a LTE, king cach 4n dung cac mng
16i caa he théng IMS (IP Multimedia Sub-System). Khi caang didong duoc trién khai
trén cong ngh LTE, VOLTE la ét phi hyp trong véc gitip cho cac nha cungrdich w
co thé dam bao lién Kt gitta mang LTE dia hp voi cac thét bi cua ngroi st dung dang
lién két t6i mang, ding nhr cung ép cac dch w ding nhr mongdoi cua ngrdi st dung
trong cac ¢th w thaai thdng theong, thai multimedia va SMS. Cungdv cac chinh sach
diéu khién (Policy Control), IMS & cung @p cac cht lugng dch wi can thiét phu hp
cho céac ith wi thoai sir dung céng ngh LTE, quadd cung ép cac tdi nghiém ma ngoi

ding mong mén voi cac dch w thaai. Hon nira, VOLTE duoc thiét ké sao chouong



thich day du gilp naroi st dung cim nhin duoc gidng ket nhe khi dich w thaai duogc
trién khai trén cac tht bi chuyén mach kénh, va ddo ngroi sir dung € khdng @ém nhan
dugc 1a minhdang & dung cwc goi trén rén chuyén mach kénh hay aic goi VOLTE
(bao @m viéc di chuyén khoi viing phi séng éa mang LTE). 3GPP phiéndn 8 |a phién
ban dau tién 1 trg LTE, va |a @ s cho VOLTE, tuy nhién khdng ghtat ca cac tinh
nang kit buoc trong 3GPP phiénab 8 déu dugc yéu éu trong thich Wi VOLTE. Nguoc
lai mot s tinh riing cin thiét phu lop véi VOLTE dugc dya trén ndt s chic ning duoc

dinh ngha trong 3GPP phiénh 9 haic cac phién én cao fon.

Kién trac logic @a VOLTE duoc dya trén cac Kin tric va nguyénit ma 3GPRIA
dinh ngha cho VoLTE UE, LTE, Evolved Packet Core NetworkP(®, va IMS Core
Network bao §m cac thanh pin sau :

- VOLTE UE : 1a thét bi c6 chic ning truy ntip vao mng vo tuyn cia LTE va
mang 16i EPC quaté cho phép tit bi c6 thé két ndi téi cac dch wi VOLTE . Trén
thiét bi nay $ c6 mdt mot ung duing VOLTE IMS diéu nay 1a én thiét khi truy
nhiap vao céac ith wu VOLTE.

- Mang truy nhp vo tuyn : mang truy nkp vé tuy¥n E — UTRAN (Evolved
Universal Terrestrial Radio Access Network).

- Mang |6i : mang 16i EPC (Evolved Packet Core)

- Mang 16i IMS : IMS Core Network trong &n triic VOLTE cung &p céac bp dich
vu gilp cho véc cung ép cac dch w thaai thdng throng, thai da phrong tién.
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Hinh 1- 8: Kén trac logic ¢:a VOLTE

- Ngoai cac giao én dugc thé hién trén hinh & con c6 giao @én Gm (gira UE va P
- CSCF) va giao én (gira UE va TAS) @ng co trong Kin tric @a VOLTE
nheng khéngdugc thé hién ¢ day.

- Hinh & d& thé hién chi tiét cac nat logic trong Kn trdc VOLTE, tuy nhién trén
thuc t co the két hop mot sd it chirc nang vao trong it nat \at ly duy nht khi
trién khai (vi dv nhr SGW va PGW). Khitiéu nayduoc thyc hién, cac giao din
lién quan gira cac nut logic nay (viwdS5) € tr¢ thanh giao din bén trong va

mang € khong bét &én giao dén nay.
Cac nt chirc ning trong kién tric VoLTE dwgc dinh nghia béi 3GPP:
- CA&c thanh pin trong mng LTE :

+ User Equipment : UE.



+ Evolved Universal Terrestrial Access Network (BFRAN) : eNodeB.

+ Evolved Packet Core (EPC) : MME (Mobitily Managamh Entity), SGW (Serving
Gateway), PGW (Packet Data Network Gateway), HS8n{&l Subscriber), PCRF
(Policy Charging and Rules Function).

- CAc thanh pdn trong & thdng IMS bao ¢m céc thanh pin sau :

+ Proxy Call Session Control Function : P — CSC#din khoi dau cho cac phién bao
hiéu t6i IMS dé kich hat VOLTE tr phia UE. P — CSCRshaat dong nhr mot SIP
proxy dé chuyén tiép cac ln tin SIP gira UE va nang I6i IMS.

+ Interrogating Call Session Control Function : CSCF |adiém lién lac gitta mang
cua nha cung4p dich wi véi tat ca cac Kt ndi da biét tr mot ngudi sir dung i mang.
Trong viéc dang ky IMS, | — CSCF &hoi HSS @é xacdinh S — CSCF phugp cho
viéc dinh tuyén cac yéu &u dang ky.

+ Serving Call Session Control Function : S — C®0fg ép cac phién tlkt 1ap, cac
phiéndiéu khién va céac chc ning dinh tuyén. S — CSCF&tao ra cac bn ghi cho

muc dich thanh toan chdttca cac phién ma ndiéu khién.

+ Telephony Application Server : TAS ladintng ding trén may ch IMS bao gm
mot tap hop ti thiéu cac dch w thaai multi media it busc duoc dinh ngha theo
3GPP.

+ Media Resource Function : MRF c&ichning quin ly ngubn tai nguyén media noi
chung,duoc ar dung byi cac may ch ung dung IMS va céac I/S — CSCF.

+ Interconnection Border Control Function/ TramsitiGateway : IBCF/TrGW dh
trach nhém véi cac miit phing diéu khién/ mat phang media di cacdiém lién Kt t6i
cac mang PMN khac.

+ IMS Application Level Gateway/IMS Access GatewdWS — ALG/ IMS — AGW
khoéng phi la mot chirc ning doc 1ap ndéduoc dat trong P — CSCF. IMS — ALG/ IMS —



AGW chiu trdch nhdm i cac miit phing diéu khién/ mit phing media di cacdiém
truy cap vao ¢ théng IMS.

+ Media Gateway Control Function / IMS Media GatgwaViGCF/ IMS — MGW
chiu trdch nhdm voi cac miit phing diéu khién/ mit phing mediadi cacdiém két néi

mang LTE %i cac ming chuyn mach kénh.

+ Breakout Gateway Control Function : BGCkwtrach nhém cho véc xacdinh nut
ké tiép trong véc dinh tuyén cac ln tin IMS. Viéc xacdinh nayduoc dya trén cac
théng tin nkin duoc trong cac #n tin SIP/SDP hic cac d liéu ciu hinhdinh tuyén.

- Mot 5 nat chirc ning khac nkr :

+ ENUM : 1a n(t clirc ning cho phép igh $ dudi dang E.164 sangatg SIP URI &
dung cho DNSdé dinh tuyén cho cac bn tin trong cac phiénua IMS. Mot ENUM
Server c6 th dugc truy dp tir mot mang PMN khéac hac tir mot IPX.

+ IPX : lam chirc ning nhr mot IP Packet Exchange ifm cung ép kha nang kKt ndi

lién mang gira cac PMN.

+ Diameter Agent : 1a 6§t thanh phn cia mang dungdé diéu khién bao héu
Diameter, cho phép caétkndi hoat dong mdt cach lién dc vadiéu khién cac thdng

tin gitta cac thanh gim trong mng LTE hdic IMS va trénduong bién gira cac mng.

+ Security Gateway : SE@uoc ar dung dé khoi tao haic két thic cac kt ndi gita

eNodeB va rang 16i EPC ngt cach an toan.

1.2.3.2 M hinh cungip dich w thogi CSFB

Mang didong LTE duoc biét dén 1a ndt mang toan 1P, cdng nghtruyén tai dir
liéu dugc ar dung trong LTEd&u chi 1a chuyn mach géi, dodo cé it nhiéu thach tiic
trong vic thiét 1ap cacdap tng cho céac cit lugng dch w ky vong cho véc chuyn
mach kénh trong it sb dich wi nhu thoai va SMS cho céac thi bi di dong khi nédugc
phuc wu trong mang LTE. Trén tlrc € c6 hai cach tic hién dé giai quyét cac \an dé

phan chia trong emg LTE gita chug¢n mach goi cho éch wi dir liéu va chugn mach



kénh cho cacidh w thaai : cac ghi phap dung hai séng vé téry (dual radio) va cac gi
phap ding dt séng vo tugn (single radio). Cac i phap dung hai song vé téry (duoc
hé tro boi chipset), not séng vd tugn duoc dung cho chudn mach goi dr liéu LTE va
moét séng vo tugn duoc dung cho chudn mach kénh thai va data fallbackai cacdiém
khéng c6 séng LTE. Cacaiphap dung it song radio duy ritt duoc sr dung dé xu ly
ca 2 laai luu leong thaai va di liéu, va § sir dung cac Bn tin bao héu trong mang dé xac
dinh xem khi ndo céuschuyén doi gitta mang chuyn mach géi va mng chugn mach

kénh hac ngroc lai.

Véi circuit — switched fall back, khi &t thiét bi nguoi sir dung dang hat dong
trong mang LTE (Kt ndi dit liéu) thi c6 ndt cudc goi dén. Thiét bi s5 phan hdi véi mot
ban tin yéu éu dich w dic biét téi mang, va sauté mang € gui cac kin tin dé bao héu
cho thét bi s chuyén xudng mang 2G/3G (fall backjé chip nhan cwc goi dén. Tuong
ty cho cac cic goi di, ban tin yéu éu dich w twong tr dwgc Sr dung dé théng bao tht
bi chuyén xuéng mang 2G/3Gdé thuc hién cac cdc goi di. CSFB la nét giai phapduoc
st dung trong cac gi phap dung it song vo tugn. CSFB gii quyét cac yéu éu cia
giai doan dau tién trong vic phat trén cia cac éch wi thaai di dong, va né Bt dau duoc
thuong mai héa tr naim 2011. CSFB la gi phap cho cac amg thrc t# hién nay —do la
mang bao g¢m rit nhiéu mang nhr 2G, 3G, 4G ... va trong 8tiqué trinh chu§n doi
sang cac mng toan 4G LTE trong cac gidoan tiép theo cho \ic phat trén dich w

thoal.
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Hinh 1- 9: Kién tric nung trong giii phap CSFB



- Ddi véi mang LTE : MME (Vobility management Entily 3 phuc vu cho cac truy &p
dich wu cia ngroi sir dung.

- Ddi v6i mang 2G/3G : SGSNsgrving GPRS Support Nops® phuc vu ngudi sir dung
véi cac dch wi dir liéu va MSC Server (Mobile Switching Center Servérphuc
vu ngudi s dung cho céc @h w thaai. MSC Server &duoc két ndi téi mang dién
thoai cua cac nha cungip dich w.

- Dé hd tro cho vic bao héu CS Fallback va trién tii SMS cho céc tht bi LTE,
MME can duogc két ndi véi MSC Center théng qua giaoédi SGs. CSFBé&duoc
trién khai king cach & dung giao dén nay.

- Giao dén SGs cho phép ngi st dung co tié dugc ding ky trén é PS va CS
trong st qua trinh ngdi sir dung truy ntp vao mng LTE. Voi mot két ndi di
liéu dang hat dong trong mang LTE, réu nhr cé ndt cudc goi dén duoc khoi tao
thi CS § kich hait mdt ban tin théng qua mng truy ntip cia LTE 6i thiét bi cua
nguoi str dung.

Incoming voice call: CS page via LTE.

s
o

Hinh 1- 10: Tén trinh Incoming Call trong @i phap CSFB
- Ban tin nay § khoi tao qua trinh CSFB, §ing nhr viéc thiét bi cia ngroi s dung
S8 gui mot ban tin dich vu mo rong i mang dé chuyén tir mang LTE sang rng
2G/3G.



Circuit-switched fallback.
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CSFB
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Hinh 1- 11: Tén trinh chuyn cuic gi trong gidi phap CSFB
Trong st qué trinh chu§n mang, cac th tuc trong vic thiét 1ap cac cdc i
trong mang 2G/3G & duoc tuan theaté thiét 1ap cac céc goi trong mang CS.
Viéc khoi tao cac cde goi di ciing tuan theo @t qué trinh chugn doi tuong tir tir
mang LTE (PS) sang amg 2G/3G ngai trir budc kich hat ban tin 1a khéng én
thiét. Trong ming 3G, céc phiénidliéu PS c6 th dugc sr dung dong thyi cho a
dich w thaai va dx liéu. Con trong rang 2G, cac phiénidliéu PS 8§ dugc dirng
lai cho i khi cudc goi cham dat va thiét bj két ndi lai mang LTE, ttir khi mang 2G
hd tro hai ct d6 truyén ti (Dual transfer mode — DTM), n@ shuc hién ddng thi
ca thaai va di liéu.
Sau khi céc goi két thac, thét bi 3 két ndi lai mang LTE ¢ tié trong idle mode
hoac connected mode.

Return to LTE after voice call.

I E-UTRAN [LTE)
RETURN %

Hinh 1- 12: Tén trinh chuyn \é LTE trong giii phap CSFB

SGs



Khi mot thiét bi caa ngroi st dung nHin dugc Mot ban tin tr mang LTE Wi mot
cudc goi dén haic khi ngroi sir dung khoi tao mdt cude goi, thiét bi s chuyén
mang tir LTE xudng 2G/3G. Trong qué trinh nayany 2G/3G & thu thip va thét
lap cac cidc goi biang cach co th sr dung ot trong hai th tuc : chuyn giao
(handover) hac chuyn heéng (redirection). Trong thtuc chuyn giao céac cell
muc tiéu duoc chuin bi truéc va céac tht bi co thé truy nhip vao cell nét cach
truc tiép trong clé d6 connected mode. %G do kiém cxong do tin hiéu co tré
dugc yéu @u trén LTE trong qué trinh nayutic khi dugc thuc hién chuyén giao.
Trong thi tuc chuyén hedng ch c6 tin $ muc tiéu duoc chi ra cho cac tiit bi.
Thiét bi c6 thé chip nhin va clon bit ky cell ndo trongan 5 da duoc chi dinh
hoic ¢ tié thir cac fn & khac trong trong hyp khéng c6 cell nadugc tim thiy
trong tin $ duoc ch dinh. Néu mot cell dugc tim thiy, cac thét bi s3 khoi tao cac
tha tuc thiét 1ap cuwc goi mot cach binh thong. Viéc thuc hién do arong do tin
hiéu 1a khéng én thiét trugc khi chuygn hedng. Két qua 1a sr dung tha tuc chuyén
hudng co tie doi hoi it thoi gian hon dé xacdinh céc cell t nhit so \6i st dung

tha tuc chuyén giao.
Thei gian thiét Idp cujc gpi

Vé co ban véi viéc bd xung cac bioc chuin bi cho viec chuyén cue goi tir mang

LTE xubng mang 2G/3G 8 ton thém ndt khaang thi gian cho véc thiét 1ap cuwe goi.
Thoi gian thit 1ap cwc goi 1a khac nhau trong §¢ CSFB & dung thi tuc chuyén giao
hay chugn heéng dé chuyén cue goi tir mang LTE xubng mang 2G/3G. Hinh d6i day
so sanh thi gian thét 1ap cuwc goi giita vic sr dung CSFB chugn cwc goi tir LTE
xubng 2G/3G so i thoi gian thét [ap cwe goi trén mang 2G/3G.

Thoi gian thiét Idp cwc gi di khi s¢ dung CSFB chush cwc gi tir LTE xwng

2G/3G



UMTS GSM

Handaver Redirection Redirection Handover
Emu RelB/ Rel @ Rel-B ff::;‘ Rel ¥ Rel-B/
a5l Rel # SITunnel | SkipSiBs | Basic S Tunel | Basic Rel?
LTE Idle to connected transition 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Service Request for CSFB 0.2 0.2 0.2 0.2 0.2 0.2 0.2
IRAT Measurement 0.3 2.4
Handover 0.3 0.4

RRC Release

Tune To & Measure 3G Cells

Read MIB & SIBs

Camp on Cell/Channel Assignment
3G RRC Connection Setup

NAS / EZE Procedures

Total

0.4 0.5 0.9 25 3.9 0.6 2.6 2.7

Difterence vs. Legacy 9% 13% 22% £3% 14% 5% 68%

7.0

6.0

Lol |
o o

Call setup time, in seconds
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Hinh 1- 13: Thi gian thiét Idp cuic gi dénkhi sr dung CSFB chusn cuic gpi tir LTE

xuong 3G
UMTS
Ty 1 Handover Redirection
Rel-8/ Rel 9 Rel-8
Rel SITunnel | Skip 5IBs | Basic
Paging [Assuming 1.25 DRX Cycle] 0.6 L] 0.6 0.6
LTE Idle to connected transition 0.1 0.1 0.1 0.1
Service Request for CSFE 0.2 0.2 0.2 0.2
IRAT Measurement 0.3
Handaver 0.3
RRC Release 0.2 0.2 0.2
Tune To & Measure 36 Cells 0.2 0.2 0.2
Read MIE & SIBs 0.4 2.0
Camp on Cell 0.1 0.1 0.1
36 RRC Connection Setup 0.3 0.3 0.3
NAS / E2E Procedures 15 1.5 15 1.5
Total 3.0 3.2 3.5 5.2
Difference vs. Legacy 0.4 0.5 0.9 25
14% 20% 33% 6%
7.0
6.0
4
§ 50
8 40
=
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1.2.4 Céc giao thic va giao dén trong kién tric ce bdn cia hé thong

Hinh 1 - 14 chra cac giao tirc trén nit phing diéu khién c6 lién quandi mot két
ndi cua UE dén mot mang chugn mach géi PDN. Céac giao & tir mot MME riéng k
dugc chia ra lam 2 pin, hinh phia trén cho chiing tayhcac giao ttic vé phia E —
UTRAN va UE con hinlé dudi cho ching ta thy cac giao thic vé phia cac gateway. Cac
giao thrc trong Bn mau ting dugc phat trén boi 3GPP, va cac giao e trong n mau
xam thiduoc phét trén bai IETF, cac giao thc nay la cac giao frt dai dién cho céac
céng ngk internetduoc dung cho \dc truyén tii trong cac B théng chugn mach goi
phéat trén EPS (Evolved Packet System). 3GPPdihh ngha céch tirc ap thé ma céc
giao thrc nayduoc Sr dung.

Hinh 1 - 14: Cac giao tkc trén nat phing diéu khién trong K thong EPS
Lép trén cung trong & phing diéu khién 1a giao ttic Non — Access Stratum

(NAS), duoc chia lam hai giao tkc riéng bét va duoc truyen tai bang cac bao Bu trec



tiép gitta UE va MME. ENodeB khdng nhindthduoc noi dung trong céc giao it 16p
NAS, va ENodeB khéng tham gia vao c&t eung nay ngoai ¢t truyén i cac tin nfin,
va cung &p mot sb chi dan trén bp truyén tai clng \oi cac tin ntin trong ndt s truong

hop.

1.2.4.1 Céc giao tic trong bp NAS:

- Giao thrc quan ly tinh didong trong EPS — EMM (EPS Mobility Management): Giao
thac EMM c6 trach ntm xi ly tinh di dong aia UE trong B thong. N6 bao §m céc
chic ning kK&t ndi va roi khoi mang, thrc hién cip nht vi tri, diéu nayduoc goi la TAU
(Tracking Area Updating) va né hibdong trong teng thai anh bi. Cha y Bng cac
chuyén giao trong tng thaida ket ndi dugc xi Iy boi cac cac giao trc 16p thap hon,
nhung I6p EMM Van c6 cac chic ning dé tai kich hat UE khoi trang thai anh bi. Cac
truong hop ma UE Kidi tao duoc goi 1 yéu du dich wi, trong khidé Pagingdai dién cho
cac tuaong hop do nang khoi tao. Viéc xac thrc va o vé dinh danh éa UE, vi di nhu
phan b cacdinh danh dm thoi GUTI téi UE 1 mdt phan nhiém vu caa EMM, ding nhr
viéc diéu khién céc clic ning bio mat trong kp NAS bao §m viéc ma hoa va 4o v

toan \en.

- Giao thrc gquan ly phién trong EPS — ESM (EPS Session Managem@rdp thrc nay
c6 thé duoc ar dung dé xu ly viéc quan ly cac song mang @i UE ma MME, va né con
duoc ar dung thém cho cac quy trinh guuly cac sbng mang trongamg truy nlip vo
tuyén E — UTRAN. Liru ¥ ring Wi muc dich khéng & dung quy trinh ESM thi cac fig
canh cho cac séng mang4ilsin sang trong cac quy trintia mang va U — TRAN, va c6

thé chay ngay hp tirc.



1.2.4.2 Céc giao tic trong giao dén vo tuyn:

NAS (Non Access Stratum) IF {Internet Protocol)

User Traffic

RRC {Radio Resource Control) A
‘RRC POUs

PDCP Control (Control Traffic
PDCP (Packet Data Convergence
E Control)
RLC Contral PDCPPDUs RadioBearers
Layer 2 - RLC[Radio Link Control)

mg,m,ﬂ; RLCPD Logical Channels

MAC (Medium Access Control)

L1 Configuration and
 Measurement MAC PDUs Transport Channels

Physical Layer (DL:- OFDM, UL-SC-OFDM)

Physical Channels
Hinh 1 - 15: Céac giao tkc trong giao dén vo tugn cia LTE
Radio Resource Control - RRCé1. RRC

Giao thrc nay dungdé diéu khién viéc sr dung tai nguyén véo tdn. N6 qun ly
cac Kt ndi bao hgu va dr liéu caa UE, va bao @m ci cac clirc ning cho véc chuyn

giao.CAc chic ning dugc cung ép boi 16p giao thrc RRC:

- Chirc ning quing béa cac théng tingthdng.

- Paging.

- Chic nang thiét 1ap, duy tri va gii phéng céc & néi RRC gira UE va E — UTRAN.

- Chirc ning quin ly bao mat bao @m quan Iy cac khoa.

- Chac nang thiét 1ap, ciu hinh, duy tri va gi phdng cac séng mang vo tinytheo dng
diém —diém.

- Chirc ning diéu khién viéc bao caato kiém cho UE.

- Chirc nang quin ly viéc chugn giao.



- Chirc nangdiéu khién chpn va clon lai cell cho UE.

- Chic ning quin ly cac ng canh truyén tai giita cdc ENodeB.

- Chirc ning cho NAS trugn tai ban tin trc tiép gira UE va mang.
- Chirc ning quin Iy ning lec truyén tai caa cac UE.

- Chirc nang xir ly céac bi giao thrc chung.

- Chic ning b tro tu ciu hinh vat téi vu.

Packet Data Convergence Protocol - PDCP:

Giao thrc PDCPduoc dat tai phan bp gitta 2 phandp RLC va trong it phang
nguoi St dung va giao the nay déing dugc st dung hu hét cac lan tin aia RRC. & khac
biét quan tpng nhit so Wi WCDMA do6 [a ét ca dir liéu cia ngroi st dung déu di qua
phan bp PDCP, Bi vi viéc ma hoa iin nay am trong phandp nay va né iim trong
ENodeB. Trong niting kién trdc LTE dau PDCPdugc biét dén nhr mot phia @a giao
dién S1 (trong rang 18i) tuy nhién & sau nay né@ugc dit trong ENodeB cungdi tat ca
cac giao din vo tuyén khac. Cac arc ning chinh éa PDCP bao@n:

- Nén tiéudé va giai nén tronging cho cac goi tin IP. ¥t nay dra trén giao thc Robust
Header Compression (ROH@)roc quy dinh trong IETF va mt phan trong phandp
PDCP @a WCDMA. Viéc nén tiéudé 1a quan tong trong lon cho véc yéu éu cac goi

tin IP nho, dic biét trong céac Et ndi toi dich wi VolP.

- M& hoéa va gii ma, truyén di liu trén @ mat phang ngroi sir dung va nit phang diéu
khién. Trong WCDMA clirc ning nayduoc dit trong cac pharsp MAC va RLC.

- X&c minh va Bo V& toan n dé bao dam ring cac thong tidiéu khién dén tir cac ngdn

chinh x&c trén &t phang diéu khién.
Radio Link Control - RLC: &p RLC
Céc chirc ning @ ban cia RLC bao gm:

- Truyén tai cac PDU n#in duoc tir cAc phandp cao lvn vi da nhu tir RRC va PDCP.



- Saudé (tly thwe vao clé d6 RLC dugc ar dung), tén hanh ga i véi phuong thic
ARQ (Automatic Repeat Request), phasnimghép Ai, truyén tai khong tuin ty va viéc
phét hén tring fip c6 tié duoc chip nhan trong giao thic.

- Giao thrc & xir Iy cac bi phat hén dugc va phuc hoi ching fr cac nguy@n nhan gay ra

trang thai bi cua giao thirc vi du nhu cac bi vé bao héu.
Giao thic RLC c6 tft chia lam 3 ch do khac nhau:

- Transparent Mode (TM). Trong €d6 nay, RLC chtruyén va ntin cac PDU trén 6t
kénh logic va khéngam thém Rt ci tiéu & ndo cho cac PDU nén nd khdng theo dbi
cac PDU nAn dugc d6. CH do TM chi hoat dong trong thich i cac dch wa ma khéng
sir dung viéc truyén lai & 1op vat Iy hoic dich wi khéng nly cam véi cac yéu &u truyén
tai. Nhu vay cac kénh logic nh BCCH, CCCH, PCCH c6 ¢hduoc haat dong trong ck
do TM. Trong WCDMA

- Unacknowledged Mode (UM). €hio nay hat dong cung &p nhiéu chrc ning bao
goém viéc truyen tai khéng tuin tr cac dr liéu tian tr nhan duoc tir hoat dong HARQ i
cac phandp thip hon. Dix liéu trong clé @6 UM (UMD) dugc phan mnh va ghép éi sao
cho phu kp véi kich thréc cia cdc SDU RLC va céc tiété UMD s& dugc thém vao.
Céc tieudé RLC UM bao @m céac $é tha tu dé & dang lon cho véc truyén tii khéng
tuan tr (ciing nhr dé phéat hén tring kp). Ngoai cac k&nh DCCH va DTCH, &lo UM
RLC ding dugc 18n I hoach dé s dung cho cac k&nh multicast (MCCH/MTCHiy #ién

2 dugc hoan thanh sau phiéarb8.
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concatenation & HARQ Reordering
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DCCH/DTCH DCCH/DICH

Hinh 1 -16: Cl¢ d6 UM trong phandp RLC
- Acknowledged Mode (AM). Ghdo AM ngoai cac chc ning nhr trong clé d6 UM,
con cé clkc ning truyén lai néu cadc PDU bmét 1a két qua cua cac hat dong aia cac
phan bp thap hon. CAc @ liéu trong cld 46 AM (AMD) c6 thé dugc tai phandoan dé
phu hyp v&i ngudn tai nguyéndp vat ly cé sin cho véc truyén lai nhe dugc ch ra trong
hinh 1 - 17. CAc tiédé bay gb chira cac théng tin & géi tin cibi cung nlin dugc Mot
cach chinh xaé phia bén nin ciing i s thir tw nhr trong cté do UM.
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Hinh 1 -17: Clé d6 AM trong phandp RLC

Medium Access Control - MACsh MAC

Lép MAC 14 16p dungdé anh x tir cAc kénh logic@én céac kénh trudn tai. Cac chirc ning

cua lsp MAC bao gm:

Logical Channels

l

| | L1

Scheduling/Priority Handling

|

l

Mulriplexing UE,

Multiplexing UE,

]

l

HARQ

HARQ

l

!

Transport Channels

Hinh 1 -18: MAC Layer

BCCH PCCH




-Lép MAC c6 nhém wu ghép/ tach cac RLC PDU (Payload Data Units)iot haic
nhiéu séng mang vo tép vao trong cac K truyén ti TB (Transport Block)dé thuc
hién truyén toi 16p vat ly trén cac kénh trdn tai; ngoai ra contém thém Padding néu
mot PDU khéngduoc dién day du dit liéu.

- B&o céo dc do lvong eu lrong quadé cung ép cho phandp RRC céac thdng tin mang

tinh kinh nghém & mit luu leong.

- Sra Ibi théng qua phong thrc HARQ, diéu khién viéc xir ly truyén lai trén hréng 1én
va hréng xubng aia lop vat Iy trong ENodeB, cungdi cac chirc niang lap lich.

- Xt Iy wu tién gira cac kénh logici@m mt UE va gira cac UE Bng viéc Iap lich tr
doéng, dodé viéc lap lich trong ENodeBiugc coi nhr la mjt chirc ning trong phandp
MAC tuong tr nhue trong HSPA.

- Lva chon dinh cang truyén i (nhu mot phan chrc ning clon céac lién Kt thich tng
trong vic lap lich aia ENodeB).
Physical Layer - PHY: &p wit ly

DPay chinh la Layer 1 trong giaoédivo tuyén LTE — Uu. L6p vat ly trong LTE &
phia hrong xubng sr dung kj thuat OFDM va hréng 1én 1a K thuit SC — OFDM. 1op
vat ly truyén ti tit ca cac thong tinit cac kénh trugn tai caa I6p MAC trén giao din vo
tuyén. Lp vat Iy quan tAmdi viéc tim cac lién &t thichang, diéu khién cdng sét, tim
kiém cell (cho véc khoi tao ddng b va chuyn giao), va mt s viéc do lwong cho bp
RRC (bén trong &ithéng LTE va gira cac B théng).

1.2.4.3 Céc giao tic trong giao dén S1 gira E — UTRAN va ang 161 EPC:

- S1 Application Protocol (S1 AP): Giaouth S1 AP cliu trach nhdm xi ly cac Kt ndi
cua UE trén & 2 mit phang ngroi sir dung va nit phing diéu khién gitta E — UTRAN va
mang 16i EPC, bao @m tham gia vao ¥t chuyén giao khi ma EPC c6 lién quafi.t

- SCTP/IP cho wic truyén ti bao héu: Ci hai giao tikc SCTP (Stream Control

Tranmission Protocol) va IP (Ineternet Protoatsi)y la cac tiéu chin truyén tai IP thich



hop Véi cac kin tin bdo hdu. SCTP cungép cac clic ning truyén tii mot cach tdn ty
va tin @y. IP co tié chay duoc trén ndt loat cac cong nghcua lién Kt dir liéu va bp vat
ly (L1 va L2), c6 th duoc tuy chon dwra theo ki ning.

1.2.4.4 Céc giao tic trong giao dén S5/S8 trong amg 16i EPC:
Céc giao tlrc trénduoc ar dung khi giao dén S5/S8 da trén GTP:

- GPFS Tunnelling Protocol, Control Panel (GTP +~@&ijo thrc nay qan ly cac Kt ndi
trén mit phing ngroi s dung trong mng 18i EPC.Piéu nay bao §m ci béo héu cho
QoS va cac thamjskhac. Nu GTPduoc Sr dung trén giao din S5/S8 thi nd&quan ly
cacduong im GTP — U. GTP — Cimg thrc hién cac clirc ning quin ly tinh didong
bén trong mng 16i EPC.

- Truyén tai UDP/IP: UDP/IPdugc sr dung nhr mot tiéu chidn va @ ban cho vic truyén
tai IP. UDP duoc st dung thay tlé cho TCP (Transmission Control Protocob)i bi cac
l6p cao lon da cung ép viéc truyen i tin cay voi cac chirc ning sra 16i va truyén lai.
Cac goi tin IP trong ang 16i EPC c6 th duoc truyén tii trén cac cdng ndghcia L1 va
L2.

Céc giao tlrc trénduoc ar dung khi giao dén S5/S8 da trén PMIP:

- Proxy Mobile IP (PMIP): PMIP la 6t giao thic khac c6 th sir dung trén giao din
S5/S8. N6 quan tamén viéc quan ly tinh didong nhrng khdng bao @n céac clirc ning
quan ly séng mang. & ca luu leong trén Kt ndi caa UE 6i mot mang dr liéu goi ar thé
se duogc xu ly.

- IP: PMIP chy truc tiép trén IP va né&sir dung nhr mot tiéu chdn truyén tai IP.

Hinh 1 - 19 minh ba cho du tric giao tikc trén it phang ngroi sir dung trong keh kin
UE két néi tsi P — GW.
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Hinh 1 -19: CAc giao thc trén mait phing ngeoi sir dung trong I# thong EPS

Céu trac giao tirc 1a kha gdbng wi trén mit phing diéu khién. Diéu nay nln
manh fing toan b hé théng duoc thiét ké chung cho \c truyén tai dit liéu, ci bao héu
trén mit phing diéu khién hay dr liéu trén nit phing ngroi sir dung déu 1a goi di liéu
cudi cung, ch c6 khi luong 1a khac nhau. &l hét cac giao thc da dugc gii thiéu ¢

phia trén, ngoai ra con co hai giaachiuoc lya chpn phu lyp véi giao dén S5/S8:

- GPRS Tunnelling Protocol, User Plane (GTP-U): GTB duoc Sr dung khi giao dén
S5/S8 ¢a trén GTP. GTP — dinh chng cacduong Hm GTP — Uduogc St dung cac goi
tin IP c1a ngroi str dung ©i Mot séng mang i@ the thong. Giao tirc nayduoc sr dung
trong giao din S1 — U, vaiuoc ar dung trong S5/S84é&u mit phing diéu khién sr dung
GTP -C.

- Generic Routing Encapsulation (GRE): GREyc ar dung khi giao din S5/S8 da trén
PMIP. GREdinh cang mot IP trongduong bam IP cho véc truyén tai tat ca dix liéu trong
mot két ndi tir UE i mot mang PDN @ thé. GRE chy tryc tiép trén IP va UDP khéng

duogc gr dung.

1.2.4.5 Cac giao tic trong giao dén X2:

Hinh 1 - 20 minh ba cho 4u trdc giao titc cia giao dén X2, trong tr nhr giao
dién S1. Ch c6 giao titrc Application Protocol trén & phing diéu khién la c6 & khac



biét. Giao dén X2 dugc ar dung cho véc quan ly tinh didong gira cac ENodeB, va
X2AP bao @m céac cltc ning chudin bi cho vic chuyn giao va duy tri cac énlién két
véi cac ENodeB hang x6m. M phang ngrodi sir dung trén giao din X2 duoc Sr dung dé
chuyén tiép dir liéu trong tang thai quaid sudt quéa trinh chu§n giao, khi ma giao én
vO tuyén da ngit két ndi vé phia ENodeB ngin va \in chra Kt ndi duoc voi ENodeB

muc tiéu.

Hinh 1 -20: CAc giao tic trén mait phang diéu khién va nait phang ngeoi sir dung cho
giao dign X2

2.2.5 Céc kénh trong &n tric cia LTE

Céc Ibng théng tin gia cac giao tic khac nhauuoc biét d¢én trong LTE nix 1
cac kénh trugn haic cac léng tin héu. LTE sr dung mdt sb cac kénh khac nhau nh
kénh logic, kénh trudn tai va kénh vt ly. Cac kénh naytuoc phan bit boi loai théng tin
ma chdng trugn tai va cach tikc ma céc thdng tidd dugc xir ly. Hinh 1 - 15 cho ta &ty

anh x giita cac lai kénh trong kén trac LTE.
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Hinh 1 -21: Anh x cia céc lai kénhdwoc sk dung trong LTE
1.2.5.1 Cé4c kénh logic

Kénh logicdinh ngha loai thdng tintugc truyén tii trong giao dén vo tuyén nhr
cac kénhutu legng, kénhdiéu khién, kénh géng ba 8 thong...Cac kénh naginh ngha
cac dch wi truyén i dit liéu duoc dua ra trongdp MAC. CAc lan tin bao héu va dr liéu

duoc truyén tai trén cac kénh logic §a cac giao thc RLC va MAC.

Céac kénh logic c6 thchia 1am 2 lai: kénhdiéu khién va kénhwu leong. Trong kénh
diéu khién c6 tié chia 1am kénh chung va kénh danh riéngit Ménh chung cé nga la
dung chung chadit ca cac ngrdi sir dung trong ndt cell (md hinhdiém —dadiém) trong
khi ¢6 cac kénh danh riéng c6 righla cac kénhid chi co the dwgc sr dung byi mot

ngudi sir dung (M hinhdiém —diém). Cac kénhuu luong truyén i di liéu trong nit

phing ngroi sir dung trong khidd cac kénhiiéu khién truyén ti cac kin tin bao hiu

trong mit phing diéu khién. Cac kénhdiéu khién bao @m: BCCH, PCCH, CCCH,
DCCH va MCCH; céac kénhrl lwvong bao §m: DTCH va MTCH.

Céc kénh logidugc dinh nghia trong tréng 1én @a LTE bao gm:

- Kénhdiéu khién chung (Common Control Channel — CCCH) émyai théng tindiéu
khién gitta UE va mang; néduoc sr dung khi khéng c6 & néi RRC gira UE va mng.



- Kénhdiéu khién danh riéng (Dedicated Control Channel — DCCH)@ahdiém —diém

phuc wu cho céac théng tidiéu khién danh riéng gia UE va nang.

- Kénh kru lwong danh riéng (Dedicated Traffic Channel — DTCHk&hah trugn tai tat

ca dir liéu caa ngroi sir dung cho céac & ndi diém —diém.

Theo hréng 1én ft ca cac kénh logictuoc anh x tdi kénh truyn tai UL — SCH, khéng
c6 kénh logic nadugc anh x téi kénh truyén taii RACH vi vay n6 € khéng mang #t ky

théng tin nao & l6p MAC.

Tuong tr voi cac kénh theowwng xwbng bao gm:

- CCCH, DCCH, DTCH c6 afc ning trong tr giéng nhr cac kénhtong tng theo
huong 1én, ch can truyén tai cac théng tindiéu khién haic di liéu ngroi sir dung theo
hudng xuwng. Cac kénh nagugc anh x téi kénh DL — SCH trong cac kénh térytai.

- Kénhdiéu khien Multicast va kénhuu lrong Multicast (Multicast Control Channel —
MCCH, Multicast Traffic Channel - MTCH) khéng cdtrg phién Bn 8 nhrng dugc ky
vong € la mdt phin caa LTE trong phién 4n 9 (hdic cac phién n sau). Cac kénh nay

s3 dugc anh x toi cac kénh trugn tii MCH.

- Kénhdiéu khién quang ba (Broadcast Control Channel — BCCH) &ruyai théng tin
quang ba, vi d nhe cac thdng tin an thiét dé truy nkap vao & théng. Kénh nay &duoc
anh > t6i kénh truyn tii BCH réu sr dung MIB (Master Information Block) him <
dugc anh x t6i kénh trugn ti DL — SCH réu sr dung SIBs (System Information
Blocks).

- Kénhdiéu khién Paging (Paging Control Channel — PCCH) &rutii thong tin Paging,
kénh nay & gilp mang it chic ning danh diu cac thét bi dang khéngy trang thai Kt
ndi. Kénh naydugc anh x toi kénh truyn tii PCH (Paging Channel).

1.2.5.2 Céac kénh tréw ti

Céc kénh trugn tai dinh ngha bing cach ndo ma cacalodir liéu dic trung duoc

truyén tai trong bp vat ly, bao @m viéc ma héa kénhiiéu ché, va anh x téi anten.Gr



liéu va cac bn tin bao héu dugc truyén trén cac kénh tréy i gitra lop MAC va bp vat
ly. M&i kénh truyn tai dugc dic trung i viéc xa ly 16p vat Iy ¢ lién quanduoc ap
dung cho véc sr dung cac kénh it Iy teong tng dé truyén cac kénh trudn ti duoc yéu
cau. Lop vat ly can cung @p tai nguyén it cach linh hat cho @& s thaydoi vé téc do
dix liéu va phan chia tai nguyénigi cac ngoi ding khac nhau. Trong fih nay, ching ta

S8 hiéu thém & cac kénh tru§n tai dugc anh x toi cac kénh gt ly trong tng.

- Kénh quing ba (Broadcast Channel — BCH) latrkénh qung ba ¢ theo hréng xubng
duoc ar dung dé quang ba cac thambscan thiét caa he thdng dé cho phép céc thi bi co

thé truy cip vao ¢ théng.

- Kénh chia & dudng xung DL — SCH (Downlink Shared Channel) téaytai cac d liéu
cia ngroi sir dung cho cac & ndi diém —diém theo lwong xuwbng. Tat ca cac thdng tin
(dir liéu ngroi sir dung haic thdng tindiéu khién aia lp cao lvn) duegc mongdoi chi co
moét nguoi sir dung haic mot UE duoc truyén ti trén kénh DL — SCH, gisir nhe UE da
¢ trang thai RRC_CONNECTED. Trong LTE, @b ning chinh éa BCH la théng bao
cho thét bj vé thong tin ip lich aia ke théng; thdng tindiéu khién cho nhéu thiét bi dugc
truyén tai trén DL — SCH. Trong trong hyp dir liéu trén kénh DL — SCHuoc dr dinh
cho ch mot UE riéng &, thi ngay sad6 viéc dapung cac lién kt linh dong va trugn lai

trén bp vat ly co thé dugc st dung.

- Kénh Paging (Paging Channel — PGhipc sr dung dé truyén tai cac théng tin paging
cho céc thit bj theo hréng xwbng dé chuyén cac thét bi tir trang thai RRC_IDLE sang
trang thai RRC_CONNECTED.

- Kénh Multicast (Multicast Channel — MCHjroc sr dung dé truyén tai ndi dung dch
vu multicast &i UE theo hréng xubng.

Theo hréng xuwdng kénh BCH & duoc anh x tsi kénh \at Iy PBCH (Physical
Broadcast Channel) tuy nhiénwinid trinh bays trén trong phn anh x giira kénh logic
va kénh trugn tai thi cé ndt phin cac tham & quang ba § anh x vao kénh DL - SCH,
kénh DL — SCH va PCHdugc anh x téi kénh \at ly PDSCH (Physical Downlink Shared



Channel), con kénh MCHiugc anh x téi kénh \at ly PMCH (Physical Multicast
Channel) ntr trong hinh 1-21.

- Kénh chia & duong 1én UL — SCH (Uplink Shared Channel) &#nyti cac dr liéu ngroi
st dung nhr 12 thiét bi ¢& khyi tao thdng tindiéu khién theo lréng 1én trong ting thai
RRC_CONNECTED. Tong ty nhe DL — SCH vic dapung lién Kt linh dong va trugn

lai 6 thé dugc st dung.

- Kénh truy np ndiu nhién (Random Access Channel — RAGH}c sr dung trong
huéng léndé dap ang cac Bn tin paging hac dé khoi tao viéc chuyn dén trang thai
RRC_CONNECTED khi UE c6 nhifie truyén tai dir liéu. Khéng cé @ liéu caa lop cao
hon haic di liéu cra ngroi sir dung duoc truyén trong kénh nay tuy nhién né cé throc
st dung dé kich hat viéc truyén tai kénh UL — SCH vi d nhr trong trrong hop thiét 1ap
cac Kt ndi can phai xac thrc.

Theo hréng 1én kénh UL — SCHiugc truyén tai bang kénh it [y PUSCH (Physical
Uplink Shared Channel).ubng tr kénh RACH éng duoc truyén tii bang kénh 4t ly
PRACH (Physical Random Access Channel) trtong hinh 1-15.

Dit liéu trén ndi kénh truyén ti dugc sip xép vao trong cac ki truyén tai, va co
cac khang thyi gian truyn tai cho ndi khdi dugc goi 1a TTI (Transmission Time
Interval) 1a 1 ms trong LTE. TTI 1a kldng thyi gian nk nhit cho vic thiét 1ap cac lién
két thichng va qugt dinh lp lich. Néu khéng cé ghép kénh khéng gian, thi cééahi
nhat mot khdi truyén tai duoc truyén t6i UE trong ndi TTI, con réu c6 ghép kénh khong
gian thi c6 2 khi duoc truyén trong ndi TTI dén mot UE.

Bén anh cac kénh trudn tai, c6 mdt s loai thdng tindiéu khién dugc dinh ngha
trong p MAC, diéu nay Ia &t quan tong ddi véi mot sd tha tuc trong bp vat ly. Cac
théng tindiéu khién dugc dinh nghia bao gm:

- Théng tindiéu khién huéng xudng (Downlink Control Information — DCI): N6 badm

cac théng tin co lién quanad lap ké hoach, qué trinh ma héajéu ché, cac caudnh TPC



(Transmit Power Control) chadwréong 1&n va kxéng xwbng. Cac théng tin naguogc gii
di trén kénh vt ly PDCCH.

- Control Format Indicator — CFI: Théng tin nayi ¢h c6 bao nhiéu kyrtduoc mién DCI
st dung trong cac khung con. Céac giadia CFl c6 th 1a 1,2 hac 3 va nédugc truyen
di trén kénh wt ly PCFICH.

- HARQ Indicator — HI: Théng tin ndy trép di cac kin tin ACK HARQ trong phn hoi
t6i viéc truyen tai trén hréng |én, vaduoc truyén trén kénh §t ly PHICH. HI = 1 cho cac
ban tin ACK, con HI = 0 la chodm tin non — ACK.

- Théng tindiéu khién hudng Ién (Uplink Control Information — UCI): Théngthaydua
ra cac thong tio lwong cho véc truyén i trén hréng xwbng, Ap lich theo yéu au aia
huéng 18n, va cacm tin ACK HARQ trong véc truyén tai huéng xuwdng. UCI c6 th
duoc truyén trén kénh §t ly PUCCH hdac PUSCH.

1.2.5.3 Cac kénhdtly

M&i kénh \at ly tuwong ttng Wi mot tip hop cac lang muc tai nguyén trong amg
ludi tan $ truyén tai cac thoéng tintt cac bp cao ln. Cac thanh pim co ban dé tao nén
mot kénh \at Iy 1a cac lang muc tai nguyén va cac khtai nguyén. Mt hang muc tai
nguyén la mt séng mang con riéng krén mét ky twr OFDM, va c6 th truyén tai mot
(hoic hai \6i phan ap khéng gian) cac kyutda duoc didu ché. Mot khdi tai nguyén 1a
mét tap hop cac lang muc tai nguyé@n va trong @ tin $ nd dai dién cho ndt don vi tai

nguy@n nld nhip cé tré dugc phan b. Kénh it Iy ¢ thé duoc chia lam 2 lai:

Cac kénh \at Iy danh cho truyén dir liéu:

- Kénh \at ly danh cho gang ba (Physical Broadcast Channel — PBCH): Kénhlaa
kénh qung ba danh riéng thearting duong xuwing trong LTE, ndlugc dingdé truyén
tai cac théng tin & cac tham & quan tong aia e thong nhr bing thdng éa ke théng, $
frame trong B thdng, va ding co6 te 1a $ anten trugn tai dugc sr dung byi ENodeB.



- Kénh it ly danh cho \ic chia & theo hréng xudng (Physical Downlink Shared
Channel — PDSCH): Kénh nay Ia kéni liéu chinh c6 trach nBin truyén tai di liéu
theo hréng xubng. K&nh nay trudn tai dir liéu ngroi sir dung va béo tu trong phandp
trén. Kénh nay c6 thdugc chia ¢ boi nhidu ngroi sir dung va né éng duoc chia g boi
nhiéu kénh logic, kénh tridn ti khac nhau nir dd dugc dé cap dén o phan trén.

- Kénh \at ly danh cho Multicast (Physical Multicast ChanrePMCH): Kénh nayugc
dungdé truyén tai goi tin multicast i nhiéu UE thay vi 6i mot UE riéng &. Ciu tric @a

né din gibng nhr kénh PDSCH.

- Kénh \at ly danh cho \ic chia ¢ theo lréng Ién (Physical Uplink Shared Channel —
PUSCH): Kénh naytuoc sr dung dén truyén tai dir liéu oia ngroi Sir dung va cac béo
hiéu caa phandp trén theo thong 1én.

- Kénh \at ly danh cho \dc truy ntip nciu nhién (Physical Random Access Channel —
PRACH): Kénh naytuoc sr dung truyén tai mot ban tin chovéc khoi tao truy nHip ndiu
nhién @a mit UE gii di dé truy nhap vao mang trong ck do khéngdong b vaduoc sr

dung dé cho phép UEong b thoi gian Wi ENodeB.

Cac kénh \at Iv danh cho viéc diéu khién:

- Physical Control Format Indicator Channel — PQfFI&énh nayduoc ar dung dé thong
béao cho UE & sd ky ty OFDM dugc St dung trong kénh PDCCH.

- Physical Hybrid ARQ Indicator Channel — PHICH: ifénay trugn ti cac kin tin
HARQ ACK/NAK duoc két hop véi viéc truyén di liéu theoduong 1én.

- Kénh it ly diéu khién huéng xubng (Physical Downlink Control Channel — PDCCH):
Kénh nay trugn tii cac thdng tin & dinh dang truyén tai va cip phat tai nguyén co lién
hé voi cac kénh trugn taii DL — SCH va PCH, va céac théng tin HARQ c¢6 liéraqui
kénh DL — SCH. Kénh naying théng bao cho UEA\cac théng tin noi trén.

- Kénh \at ly diéu khién hudgng Ién (Physical Uplink Control Channel — PUCCHEr

nay truyn tai cac théng tindiéu khién theo lréng 1én bao §m chi s6 chit luong kénh



CQI (Channel Quality Indicators), caarbtin ACK/NAK vé viéc phain hdi HARQ theo

hudng |€n.

Ngoai cac kénhat ly, con cé not s tin hiéu khacduoc truyén trong @ hudng 1én
va hréng xuwdng aia I6p vat Iy nhung khdng trugn tai thong tin tr cAc phandp cao lon.

Céc tin héu vat ly nay c6 tlé chia thanh:

- Tin hiéu chuin: Céac tin hdu nayduoc dinh ngha trén @ huéng 1én va lréng xuwng
gilp cho véc udc lugng kénh trugn, két hop thuc hién giai diéu ché va do dac chit

luong kénh gitp cho ¥t lap lich cho cac ngoi st dung.
C6 3 lai tin hiéu chuin trén hréng xwng:
+ Cé&c tin hdu chuin cho cell a thé, dugc két hop Vi truyén tai trén kénh non — MBSFN.

+ CAc tin hdu chidin MBSFN Kt hop v6i truyén tai trén kénh MBSFN Nlulticast-

broadcast single-frequency netwjprk

+ CAc tin hdu chuin cho ngoi sir dung ax thé.

Vé phia hréng 1&n c6 2 lai:

+ CA&c tin hdu chuin giai didu ché, két hop V6i viéc truyén tii trén kénh PUSCH He
PUCCH.

+ CAc tin hdu chiuin cho véc tham do,dé hd tro cho visc Iap lich cho cac kénh phthuoc
trén hréng lén.

- Tin hiéu @éng bH: Tin hiéu nayduoc chia thanh @t tin hiéu chinh va rat tin hiéu dy
phong cho \ic déng b, va né chdugce sr dung cho lréng xudng dé kich hat viéc nhn

cac ky tr thoi gian va én £ chinh x&c 6a tin héu huéng xuing.

1.3 Két luan:

Chuong | cia dé tai d& mé & tong quan ¢ mang 4G LTE va LTE Advancediag nhr
cac kén tric @a mang 4G (LTE/LTE Advanced) nh Kién trGc mang truy ntp vo
tuyén E-UTRAN, kién triic ming 18i EPC cung cac thanh fhaia ke thong mang 4G.



Trong chrong | ding da dé cap dén cac dch wi ciing nhr céc giao thc dugc ar dung

trong mang didong 4G nlu:

Giao thrc trong bp NAS
Céc giao thc trong giao din vo tuyén
Céc giao tlrc ar dung trén cac giao éin S1/S5/S8/X2

Cac kén trac kénh & dung trogn nang 4G.



CHUONG Il - NGHIEN C U'U TIEU CHU AN VA CAC CONG CU
PO KIEM, PANH GIA CH AT LUQNG MANG &
DICH VU 4G (LTE / LTE ADVANCE)

2.1 Phrong phap do kiém va danh gia chit lweng mang va dich va 4G (LTE/ LTE
Advanced)

2.1.1 Cé&c u té anh hwéng dén chét lweng mang va dch we 4G (LTE/LTE Advanced)

Thuat ngir chit lugng dch w QoS (Quality of Service) 8 nayduoc Sr dung
trong cAc tiéu chin quic t vé chit luong dch wi vién théng bao §m ¢ chit lugng dch
vu thong tin didong trongdd c6 4G. Theo khun ngh ES00 MCE — T thi cit luong
dich wi QoS chinh ladng hyp nhing tham 8, y kién danh gia té hién sr hai long,
khéng hai long €a khach handdi véi mot dich w vién théng. \& co ban, khai nem QoS
cha yéu tap trung vao méstcac chitiéu mang tinh & thuat ma h ting mang hay céac th
vu can phii dat duoc dé chit lwong dch wi dugc dam bao. QoS trong mng vién théng
néi chung va nng 4G LTE noi riéngiuoc dinh nghia ai thé qua cac thamdsky thuat co

ban bao gm:

- Bang thong (Bandwith).
- Do tré (Delay).

- Biéndong té (Jitter).

- Mét g6i (Packet loss).

- Do sin sang.

- Bao mat.

Tuy phat trén chim hon so \6i thé gisi nhung mang 4G ding da bit dau duogc
trién khai &i Viét Nam.DBau nim 2016, Chinh phda ban hanh Glong trinh phéat tén
bang ©Bng quic giadén nim 2020. Clrong trinh cé mc tiéu xay ¢ng va phat tdn oo s&
ha ting vién thdng hén dai, an toan, dunguong lon va co éc d6 cao, viing ph dich w
da chng ong khip ¢ nudc ma trongi6 co h ting bing g didong 4G. Ming 4G LTE



s3 dong vai tro xuc tac cho g dot ting trdng bing viée 1am rén ting cho cac h w
di dong mvi nham dap tng nhu @u oia ngroi sir dung nhr: thanh toantién tr, game
mobile, gii tri truc tuyén, quay phéat cac video theo éhudK... Bén anh viéc phat trén
co v ha ting cho mng 4G LTE, cé mt van ¢&& ma cac nha cungip dich w ciing rt
quan tamio la 1am saaté dam bao chit luong dch w. Chit luong mang va dch wi 4G
LTE c6 tre chiu anh hrong boi su két hop caa nhéu yéu t6 ca khach quanah cha quan

bao ¢m:

2.1.1.1 CAc §u 6 khach quan:

+ Cau tric dia hinh: Cau trdcdia hinh i Viét Nam la kha phc tap, bao ém céc
khu wrc ddi nui cao, khu wc ddng king, nhéu séng séi, ao 1b... Tai cac thanh plon
c6 cac khu wc ddng dan ¢ bén trong i thanh tuy nhién an co6 nhing ving ngai thanh
it dan ar, quy hach xay drng thiéu ddng b, thdng nHit. Bac diém dia hinh nayda to ra
kha nhéu ving 18m khéngiuoc phi séng, cht lugng dch wi khdng 6t, mic du theo

thiét ké do 1a khu wrc duoc phi song.

+ Suy hao v tug¢n do thoi tiét: Do thoi tiét Viet Nam mm ¢ khu wrc can nhigt
déi gi6 mua.biéu d6 cho thy lwgng mra va may m Viét Nam kha én, nHit 1a vao
muaddng ¢ mién bic va mua ma ¢ mién nam.bic biét 1a khu we mién bac c6doi nui
cao, may mu va ma kéo daibiéu nayanh hréng rt 16n t6i chat lwong dch wi, dic biét

la qué trinh truy np v tuyén ding nhr pham vi pha song.

2.1.1.2 Cac §u t6 chi quan:

+ Thiét ké va trién khai mang 4G: Cac nha nng ti Viét Nam noi bat dau bat
tay vao véc thr nghiém trién khai 4G LTE 4i mot sb tinh thanh ph, bandau cac Kt qua
thu duoc dat duoc két qua kha Ht, chit lugng dch wi teong déi 6n dinh. Tuy nhién, khi
mot nha cung dp dich w trién khai trén din rong, cung i viéc trién khai dia cac nha
cung @p khac thi vc gip cac vn dé vé cht luong dch wi 1a khdng tl tranh kidi nhu:

trong thrc € viéc dit cac tam phat séng c6 thkhéngding Wi cac ba do trén thét ké,



sau khidat cac tam thidia hinh éa khu wrc bi thayddi gay anh hrong dén chit lugng

dich w, thiéu viing pli séng do & luong tam chradu....

+ Nhiéu kénh lan dn: Chit lugng dch w bi anh hrong byi nhidu kénh 1an én
trong cac nang aia cac nha cungap dich w khac nhau, trong amg aia mdt nha cung
cap dich w. Trong méi tedng c6 nhéu mang vo tuy¥n 4G LTE, con c6 cac ang vo
tuyén 2G, 3G hat dong Wi cac tin $ gan nhau, cac tin Bu cé tié gay nhéu 1an nhau
lam anh hrong i chit lugng dch wi, ving phi ciing nhr dung lrgng aia mdi hé théng
la khong tié tranh kii.

+ Chuyén giao trong hé thong va lién hé théng: Viéc chuyén giao céc goi gitra
céac cell trong clng &t hé thong haic giira cac k& thong 4G LTE, gira k¢ théng 4G \6i
cac ¢ théng didong 2G,3G khac co thgay ra 6t cudc goi cua ngroi sir dung, gay ra &
anh hrong i chét luong dch w.

+ Thiét bi cia ngwoi sir dung: Thiét bi cia ngroi st dung c6 tié chura trong
thich hdic chra dapting dugc yéu @u st dung trong nét hé thong 4G LTE. Dad6 c6 thé
gay ra véc tai dix liéu co thé bi cham, té gay raanh hrong ©i chat luong dch wu.

2.1.2 Phrong phap do kiém danh gia chit lweng mang va dch w 4G (LTE/LTE
Advanced)

Tat ca cac nha khai thac ang théng tin didong déu cin thiét do kiém va giam séat cac
chi tiéu KP1 CLM/CLDV throng xuyén vatinh ky dé dam bao, duy tri va &i thién dich

vu mang cung ép dén khach hang.
C6 2 phrong thrc do kiém dugc sr dung dé kiém tra va gidm sat cac chéu:
1 Drive test
] Thu thip $ liéu thing ké &r OMC

Drivetest

Phrong phépdo nay bao §m mot phrong tién di chuyén cé trang bthiét bi do kiém
tra giao dén vo tuyén cia mang didong, cho phép thu ip va ghi hi théng tin \é dich w



cung ép bsi mang didong trén not khu wrc dia ly. Bing phrong thrc do kiém nay, nha
khai thac co th dua ra nliing thayddi phu hyp déi véi mang Lréi dé cung é@p 6t hon
vung phi séng va ith wi dén khach hang.

Drive test c6 th duoc phan thanh 6t sb loai véi cac muc dich khac nhau:
] Muc dich so sanh @¢ia cac mng (Benchmarking)
(] Téi uu va kHic phuc ar db.
[ Giam sat cft lvong dch w.
Théng k& OMC
Thu thip < liéu thing ké tr hé thong OMCdé tinh toan cac thamdkPI
Uu diém:
] Két qua caa phrong thrc do nay bao m tit ca nhitng kich ban c6 thé xay ra khi
nguoi dung s dung dich w
] CO the giam sat trénit ca giao dén mang
] CO the xtu ly kip thoi c&c tinh hdng aia mang.
Nhuoc diém:

[ Rat kho dé so sanhiugc thdng ké CLM/CLDV gira 2 khu wc Sr dung thiét bi caa

cac hang (vendor) khac nhau.

[ Dir liéu thong ké tr hé théng OMC khé &n va phirc tap, dodod can nhiéu thoi gian
dé thu thap va i ly.

Vé mat nguyén ic chung cac pkong phapdo kiém danh gia cht luong mang va
dich w vién thdng noéi chung va mg 4G ndi riéngiéu dua trén véc moé plong cac cac
goi, thiét 1ap cac Kt ndi dén dich w dé tién hanhdo kiém chit lwgng mang va dch wu.

Cac phrong phap nay&duoc thec hién theo cac toc nhr sau:

- Lya cton cac tham &KPI trong mang 4Gdé do kiém chit lvgng dch w, tao cac kch

ban do kiém trong cac rong hyp khéac nhau:



+ Theo khu wc: khudéng dan @, vungdé thi va nbng thén, trong nha hay ngoioi.

+ Theo tinh diong: ti cacdiém o dinh, khidang di chugn, tai cac khu 'we chuyn giao.

- Cau hinh va tixc hién cac phégio cho cac thamé KPI trong nmang 4G:

+ Thuc hién md pldng cac phégo cac thamé chit luong mang vo tugn nhr: RSRP, RSRQ...

+ Thuc hién md pleng cac coc goi dé do kiém cho cac thamdsién quandén chit lugng
dich wi thaai nhu: ty & cusc goi thanh cdng, st 1é cudc goi bi roi, chit lugng cuc goi...

+ Thuec hién mé phong két ndi dich w dé do kiém cho cac thamé lién quandén chit
lugng dch w data nir: téc 6 download, éc do upload, t&, ty 1& géi ki roi...

- Luu trir két qua cua cac phégo; thuc hién phan tichdanh gia céac ét qua cho trng
tham $ KPI trong ndi kich kin do kiém.

- Pua ra cac bao caodhg ké, két luan vé chit luong dch w trong ndi kich bin do, ch

ra cac vn dé con bn tai.

Hinh 2 - 1 M& hinhphwong phéapdo kiém chit luong mung vadich w 4G LTE



2.1.3 Mpt s cdng @ do kiém vadanh gia chit lweng mang va dch w 4G (LTE/ LTE
Advanced) hén nay

Hién nay c6 mt sb hang méaydo duoc cac nha cungap dich w s dung thiét bi
dé do kiém chit lwong dch w 4G LTE dra trén plrong phapdo kiém danh gia nixr da dé
cap dén trong plan 3.1.2:

Phan mém phuc vu Drivetest
Thiét bi do duoc srdung cho plrong thrc do Drivetestbaogmmotsd hang sau:
1 Ascom TEMS Investigation
1 Anite Nemo Outdoor
] Swissqual
1 Accuver XCAL Series

TEMS Investigation va Nemo 1a 2 céng @o phb bién nhit duoc sr dung cho plrong
thirc Drive test.

Trang thi ét bi phuc vu Drivetest
« CA&c cdng g chuan hi drive test:
] Laptop
1 GSP
1 Phin mém TEMS
"1 Dongle (TEMS licence)
[ Pién thaai (H6 tro TEMS)
[ Cap Kt ndi
I Inverter
[ Phrong tién di chuyén (Oto, xe may...)

1 Dit liéu nhr cellfile, ban dd...



« Cellfile: trong LTE ¢m mot sb truong sau: cell, siteah 5, PCI, TAC, MCC,

MNC, CI, Long, Lat, ANT_Direction...

<001> TEMS - Cell_names

Cell |51TE ENODE_B |[EARFCN |PCI MCC MNC TAC Cl Lon Lat ANT_DIREQANT_BEAMANT_HEIGHTotal Tilt
Phu-Quo I:—Z‘Phu-CluUc— 730035 1276 172 452 2 250 131]| 103.9547| 10.25561 20 &0
Phu—Quoc-Z‘Phu—Qunc- 730035 1276 173 452 2 250 132| 103.9547| 10.25561 140 &0
Phu-Quoc-dPhu-Quoc-| 730035 1276 171 452 2 250 133] 103.9547] 10.25561 240 60
Safarill  |Safaril 730046 1276 144 452 2 250 131] 103.8827 10.335 350 60
Safaril2  |Safaril 730046 1276 145 452 2 250 132| 103.8827 10.335 150 &0
Safarild  |Safaril 730046 1276 146 452 2 250 133| 103.8827 10.335 220 60
Safari2l  [Safari2 730047 1276 144 452 2 250 131| 103.897| 10.3334 0 &0
Safari22  |Safari2 730047 1276 145 452 2 250 132| 103.897| 10.3334 120 &0
Safari23 Safari2 730047 1276 146 452 2 250 133 103.857 10.3334 200 B0
Safari3l  |Safari3 730048 1276 143 452 2 250 131]| 103.8684) 10.3373 310 60
Safari32  |Safari3 730048 1276 142 452 2 250 132]| 103.8684| 10.3373 150 &0
Safarida Safari3 730048 1276 141 452 2 250 133] 103.86234 10.2373 230 B0
An-Thoi-PQ|An-Thoi-PQ 730005 1276 255 452 2 250 131] 104.0168] 10.0445 20 60
An-Thoi-PQ|An-Thoi-P( 730005 1276 257 452 2 250 132| 104.0168] 10.0445 150 &0

Hinh 2 - 2 : Miu Cellfile duroc sF dung trong LTE

«  Gi6i thieu mot s thiét bi UE phuc vu cho qué trinkdo kiém LTE:
Samsung Galaxy Note 4 SM-N910F
[ Bang tin hd tro:
LTE 2100 (Band 1), 1900 (B2), 1800 (B3), AWS 70@Q1(B4), 850
(B5), 2600(B7), 900 (B8), 700 (B17), 800 (B20)
WCDMA 850 (Band V), 900 (VIII), 1900 (I1), 2100 (1)

GSM 850, 900, 1800, 1900
[ Bing théng B tro:
LTE Category 6 (300/50 Mbit/s)

HSDPA Category 24 (42 Mbit/s), HSUPA Category @ (@lbit/s)
GPRS/EDGE Class 12
- Samsung S6 SM-G920F
[ Bang tin hd tro:
LTEband 1(2100), 2(1900), 3(1800), 4(1700/2100)858), 7(2600),
8(900), 12(700), 17(700), 18(800), 19(800), 20(826)850).




= UMTS: HSPA+ 850 (Band V), 900
(Band VIII), 1700 (Band IV), 1900 |
(Band I1), 2100 (Band 1) MHz

= GSM: GPRS/EDGE 850, 900, 180(
1900 MHz

] Bang thong B tro:LTE Cat6 300/50 Mbps
Samsung S5 SM-G900T
1) Bang #in S tro:

= LTE band 1(2100), 2(1900), 3(1800

4(1700/2100),  5(850),  7(2600)

esz  Failure | Fail rate | Average

0

8(900),17(700) e
= WCDMA 850 (Band V), 900 (VII), '

1900 (11), 2100 (1)
= GSM 850, 900, 1800, 1900
] Bang thong B tro: LTE Cat4 150/50 Mbps

Sony Xperia Z2 D6503 model
1) Bang tin S tro:
= LTE(Bands 1, 2, 3,4,5,7,8,13,17, 20).
= UMTS: HSPA+ 850 (Band V), 900 (Band VIII), 1700 (@&1V), 1900
(Band I1), 2100 (Band 1) MHz
» GSM: GPRS/EDGE 850, 900, 1800, 1900 MHz
1 Bang théng B tro: LTE Cat 4 (150/50Mbps)
Samsung Galaxy S4 GT-19505
] Bang tn ho tro:
= LTE 800 (Band 20), 850 (B5), 900 (B8), 1800 (BA0Q (B1), 2600 (B7)
= WCDMA 850 (Band V), 900 (VIII), 1900 (I1), 2100 (1)
= GSM 850, 900, 1800, 1900
] Bang thdng B tro:



» LTE Category 3 (100/50 Mbit/s)
» HSDPA Category 24 (42 Mbit/s), HSUPA Category @ (Slbit/s)
» GPRS/EDGE Class 12
Sony Xperia V LT25i
[ Bang tin M tro:
= LTE band 1(2100), 3(1800), 5(850), 7(2600), 20(800)
= UMTS: HSPA+ 850 (Band V), 900 (Band VIII), 2100 (@&hl) MHz
» GSM: GPRS/EDGE 850, 900, 1800, 1900 MHz
[ Bang thong B trg: LTE Cat 3 (100/50Mbps)
Samsung Galaxy S4 GT-19506
[ Bang tin hd tro:
= LTE 800/850/900/1800/2100/2600 (Band 20,5,3, 8,1,7)
= WCDMA 850 (Band V), 900 (VII1), 1900 (1), 2100 (1)
= GSM 850, 900, 1800, 1900
1 Bang thong B tro:
= LTE Cat. 4 (150/37.5 Mbps)
= HSDPA Cat. 24 (42 Mbps), HSUPA Cat. 6 (5.8 Mbps)
» GPRS/EDGE Class 12
Samsung Galaxy Note 3 N9005
[ Bang tin hd tro:
* LTE band 1(2100), 3(1800), 5(850), 7(2600), 8(9@0)800)
= WCDMA 850 (Band V), 900 (VII1), 1900 (11), 2100 (1)
= GSM 850, 900, 1800, 1900
[ Bang thong B trg:
» LTE Cat 4 (150/50Mbps)
= HSPA 42.2/5.76 Mbps



- TEMS Investigation: TEMS Investigation 1a 6t cong @ kiém tra, phéat Hin
cac kin tin trén giao din vo tuyén theo tli gian thrc. Céng @ nayduoc sr dung nhr
mot giai phapdo kiém tir diu cubi téi dau cwdi dé nham phuc vu cho visc i vu, va xr ly
15i cua cHit lugng dch wi trong giao din vd tuyn vé phia thué bao trong cagck hin
tha nghiém khac nhau nit khi di chuyn, khi trong céc toda nha... Céng nay cung &p
céc tinh Bing my cho cac cdng ngh chirc ning va cac tht bi msi va lubndugc cip nhit
phat trén dé dap tng nhu &u phat trén. TEMS Investigation & tro hau hét cac cong
nghe¢ nhu LTE — A, LTE, GSM, WCDMA, HSPA, HSPA+, CDMA, Wimax

- Nemo Analyze:Nemo Analyze la @t cong @ phan tich c6 Bu qu cao va co
kha ning my rong cho véc do danh gia cht luong mang, tr dong xr ly 16i, thiét 1ap cac
bé&o céo thng ké dra trén céac @ liéu do kiém. Déi véi viéc do danh gia mng, cong a
nay dinh ngha trréc cac nu b&o cdo gilp cho & so sanh cac thand KPI (Key
Performance Indicator) theo tiéu @dnucia cac nha cungap dich wi, caa cac cong ngh
khac nhau va Bn thi cac Kt qua trong ndt bao cédo. Nemo Analyzedhry tit cac cac
céng ngkk mang lon bao @m CDMA2000, HSPA+, LTE, LTE — A....

Hinh 2 - 3: B ¢dng @ do kiém vadanh gia clat lurong dich w 4G LTE



Nhu trén hinh 2 — 3 ching ta cé&tthdy dugc mot bo cong @ do kiém vadanh gia
chat lugng dch wi 4G LTE \& phan arng @ ban gdm céc thét bi:

- May dién thaai va USB 4G: tirc hién mé plong cac cac goi thoai, video, va cac
dich wu dix liéu khac ...

- GPS: tlrc hién cip nhit toa d, vi tri caa cacdiém do gitp cho Wc tao ban db
vung phi trong cac bao cao.

- May tinh: Caidat phin mém luu trir dit liéu, tinh toan &t qua, tao bao céo, phan
tich vadanh gia chit lvong dich wu.

- May quét n & (Scanner): thc hién viéc quét cacan  mot cach nhanh, chinh

Xac trong cac mng vo tuyén trén nhéu bing tn cing nhr cac cdng nghkhac nhau.

2.2 Lwa chon cac tham $ cho viéc do kiém va danh gia ctait mang va dich vu 4G
(LTE/LTE Advanced)

Xuit phat r nhu @u thre t, két hop viéc tim hiéu cac cong ¢ do kiém hién nay
dangduoc sr dung VGi viéc nghién ¢u cac tiéu chan co lién quandi viéc do kiém chit
lwgng mang va dch wi 4G i Viét Nam ding nhr trén tié giéi nhu:

- QCVN 36:2015/BTTT Quy chin ky thuat quc gia & chit luong dch wi dién thaai
trén mang vién théng didong mit dat.

- QCVN 81:2014/BTTT Quy cHin ky thuit quic gia \& chit lwong dch wi truy nhip
Internet trén rang vién théng didong mit dat.

- ETSI TS 136.214 version 13.2.0 Release 13 (20I®)-LTE; Evolved Universal

Terrestrial Radio Access (E-UTRA); Physical laydvleasurements.

- ETSI TS 136.314 version 13.1.0 Release 13 (20I8!)-LTE; Evolved Universal

Terrestrial Radio Access (E-UTRA); Layer 2 — Measuents.

- ETSI TS 136.133 version 13.3.0 Release 13 (20I%)-LTE; Evolved Universal
Terrestrial Radio Access (E-UTRA); Requirements fupport of radio resource

management.



- ETSI TS 136.213 version 13.0.0 Release 13 (20I%)-LTE; Evolved Universal
Terrestrial Radio Access (E-UTRA); Physical laysygedures.

Nhom chi tri dé tai da lea chon ra ndt b tham & co ban cho vic do kiém va
danh gia cht lwong mang va dch wi 4G LTE \é phia ngoi sir dung bao gm:
- Cac tham & KPI vé chit luong aia mang vo tuyn 4G.
- Cac tham & KPI vé chit luong dch wi thaai trén mang 4G.
- Cac tham 8 KPI vé chit lugng dch w dit liéu trén mng 4G.

Khai niém Key Performance Indicator (KPI): KPIs la fiiingr chungduoc ar dung
boi cac B nhchic dé danh gidanic d6 thanh congwa H chic haic caa mdt khia anh haat
dong a1 thé ma 6 chac cam Kt. Bdi véi cac nha cungap dich w vién théng, cac ch
tiéu KPI & cc chtiéu chit luong dch wi (QoS) va céac dHiéu chit luvong mang (NP).

KPI trong mang LTE bao §m: Chit luong vung pli, kha nang truy nkip, kha ning
duy tri, khi ning di dong, KPI dch w, Kha ning sr dung, khi ning sin sang vadu
luong (Coverage, Accessibility, Retainability, Mobijlit Service Integrity, Utilization,
Availability va Traffic).

KPI ving phi bao @m cac tham & d¢é danh gia cht luong ving pl, vi du nho:
RSRP, RSRQ, SINR ...



2.2.1 Phan lai cac tham $ KPI

Radio Network KPI : Service KPI :
Focus on the radio Focus on the user
network performance experience
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Hinh 2 - 4 : Phén lai KPI trong nung LTE

Tong quan ¢ hai ptong thrc duoc ar dung dé thu thip cac tham&KPI:

- Théng ké: Hiu hét cac KPlduoc xacdinh trong dbi bang phrong thic nay, vi d
nhu RRC Success Rate, HO Success Rate, ...

- Drivetest/ Stationary test: &1 s cAc KPIduoc xacdinh hing phrong thic nay nhr
Attach Latency, Handover Latency, ...
2.2.2 Cong siit tin higu thu RSRP — Reference Signal Received Power

RSRP 1a it trong cac thamdsco ban trong véc do kiém trén bp vat ly cua UE.
RSRP 8 cung @p cho cac UE céac théng tiarcthiét vé cuong do tin hicu cia cac celli
do viec mat duong truyén cé tré duoc tinh toan vais dung trong cac thit toandé diéu
chinh va thét 1ap cdng sét t6i vu cho véc hat dong trong mng. RSRP ¢6 thduoc sr
dung trong @ trong 2 tang thai IDLE va CONNECTEDw= UE.

RSRPdugc tinh toan theo congith:

RSRP (dBm) = RSSI (dBm) - 10*log(12*N)

V 6i:



- RSRP la cdng st nhan duoc aia 1 Resource Element - RE (th#ioh
ngha aia 3GPP)dugc tinh king trung binh ¢a cac nic cong sét thu
dugc trén it ca cac tin hgu chuin trong toan b bang tn do kiém.

- RSSI (Received Signal Strength Indicator &dMin hgu thu) 1a tham &
cung @p thong tin & tong cdng st thu duoc (trén toan b cac tin héu)
bao @m ci nhiéu. RSSldugc do kiém trén toan & bang thong.

- N: s RB (Resource Block) khi RS8lrgc do kiém, va tham & nay ph

thuoc vao king thong.
Trongdo:
RSSI = wideband power = noise + serving cell powetterference power

RSRP trong 4G LTE la éttham $ duoc ar dung cho véc do kiém vang pli
trong mang 4G LTE. Theo ETSI TS 136.133 Kimg gia ti cia RSRRiugc dinh ngha
trong khang tr -140 dBm chodi -44 dBm.

Reported value Measured quantity value Unit
RSRP_00 RSRP < -140 dBm
RSRP_01 -148 RSRP < -139 dBm
RSRP_02 -13% RSRP < -138 dBm
RSRP_95 -46 RSRP < -45 dBm
RSRP_96 45 RSRP < -44 dBm
RSRP_97 -44 RSRP dBm

Bang 1: Khaing gia ti cua RSRP trong 4G LTE
2.2.3 Clit lwpng tin higu thu RSRQ — Reference Signal Received Quality

RSRQ cung &p cho UE céc théng tinan thiét vé chit luong tin héu cia céac cell,
viéc do kiém tham 8 RSRQ t& néndic biét quan tong ¢ phia bién ¢a cac cell, khi #n



quyét dinh c6 thrc hién viéc chuyén giao i mot cell khac. RSRQ dhiugc sr dung trong
trang thai CONNECTED wa UE.

RSRQdugc tinh toan theo céngtb:

RSRP

RSRQ = Nprb m

Vi
- N: [a $ Physical Resource Blocks (PRB) khi RE8bc do kiém, théng tlrong no king
Vi bang théng & thong.
- RSRP, RSSI lasbng tr nhe trong phan 2.2.1.

RSRQ trong 4G LTE |a &t tham $ duoc sr dung cho véc do kiém chit luong
mang trong nang 4G LTE.Theo ETSI TS 136.133 kimy gi& ti cia RSRQduwgc dinh
ngha trong khéng tr -34 dB chodi 2.5 dB.

Reported value Measured quantity value Unit
RSRQ _-30 RSRQ< -34 dB
RSRQ -29 -34 RSRQ < -33.5 dB
RSRQ -02 -20.5 RSRQ < -20 dB
RSRQ -01 -2& RSRQ < -19.5 dB
RSRQ 00 RSRQ < -19.5 dB
RSRQ 01 -19.5 RSRQ < -19 dB
RSRQ 02 1% RSRQ < -18.5 dB
RSRQ 32 -4 RSRQ <-3.5 dB
RSRQ_33 -35RSRQ < -3 dB




RSRQ_34 -3 RSRQ dB
RSRQ 35 -3 RSRQ< -2.5 dB
RSRQ 36 2.8 RSRQ< -2 dB
RSRQ 45 2 RSRQ< 2.5 dB
RSRQ 46 25 RSRQ dB

Bang 2: Khaing gia tr cia RSRQ trong 4G LTE
2.2.4 Ty |é tin hiéu trén nhiéu SNR — Signal to Noise Ratio

Vé mat ly thuyét riéng tham & cdng sét tin hiéu khong t dai dién cho clat
lugng tin héu né khéng th gilp dr dodn c6 bao nhiéwi co the xay ra trénduong
truyén. Mic du cong sit tin hiéu co tte rat 16n nheng di cling i cdng sidt nhiéu cing
lon twong dwong thi chra chic chit luong tin héu dugc truyén di & tt, ngroc lai cdng
Suat tin higu thip nheng cdng st nhidu lai thap hon rit nhiéu thi K&t qua 1a chit luong
tin hiéu c6 tfe rat tét. Do d6 SNRdwgc ar dung nhr mot tham $ do kiém danh gia cht
lwong tin héu.

SNRduoc tinh toan theo congiih:

SNR = S/N
Vi
- S:1a cdng sbt caa cac tin Hu dugc st dung do kiém (céc thdng tin cé y
ngha, cac tin iu mong mén). CAc tin hu chuin va cac kénhat ly chia
s¢ dudng xuwing 1a lién quan anyéu.
- N: la tng codng skt nhiéu rén (cac tin du khéng mong min), no lién

quan &i viéc do kiém bang thdng va cacéhsd nhidu thuduoc.

Vé mit gia ti SNR ¢6 th co @ gia ti Am va drong khi tinh theo dB. GiaitSNR

am c6 ngla 1a cdng sit tin hiéu 1a tHip hon so i cdng siét nhidu.



2.2.5 Cli s chit lwgng ké&nh CQI — Channel Quality Indicator

CQI l1a nt tham $ do kiém quan tong aia LTE, né 1a thamd&dai dién cho clat
lugng két ndi cua cac kénh vo tdp, co tacdong dang K dén hiéu siit caa ke théng.
Théng throng, ot gia ti CQI cao chra mdt kénh co cht lugng cao va ngoc lai, cac
gia ti CQI naydugc sr dung boi cac eNode-B cho ¢c lap lich duong xubng vadapuang
lién két, day la ndt tinh rning quan tng aia LTE. UE c6 th st dung mot trong hai
phrong phapdé giri gié tri CQI i eNode-B theauong lén:

- binh ky thong qua cac kénh PUCCHgwdPUSCH.

- Khéngdinh ky théng qua kénh PUSCH trongrding hyp, eNode-B tiec tiép yéu édu UE
guri mot bao céo & tham $ CQI.

Trong LTE, CQI 1 mt gia ti nguyén 4 bittugc tinh toan da trén tham& SINR
tai phia UE, c6 15 gia trCQI khac nhautt 1 dén 15 vaduogc anh x giita CQIl va cac
phuong thirc diéu ché, kich throc khdi truyén i nhu duoc trong ETSI TS 136.213. Gia
tri 0 ch ra ing UE khéng niin duoc bat ky tin higu LTE nao c6 th dugc ar dung va
kénhdang khong hat dong

CQI Index Modulation Code rate x 1024 Efficiency

0 Out of range

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 1.9141
9 16QAM 616 2.4063
10 64QAM 466 2.7305
11 64QAM 567 3.3223




12 64QAM 666 3.9023
13 64QAM 772 4.5234
14 64QAM 873 5.1152
15 64QAM 948 5.5547
CQI Index Modulation Code rate x 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 1.9141
6 16QAM 616 2.4063
7 64QAM 466 2.7305
8 64QAM 567 3.3223
9 64QAM 666 3.9023
10 64QAM 772 45234
11 64QAM 873 5.1152
12 256QAM 711 5.5547
13 256QAM 797 6.2266
14 256QAM 885 6.9141
15 256QAM 948 7.4063

Bang 3: Bing gia tr cua CQI
2.2.6 CELL ID va TAC
CELL ID 1a tham 6 dinh danh duy ndt cho ndi cell trong mang 4G LTE. Mic

dichdé c6 tr tim vadinh vi mot UE trong ving phc vu caa eNodeB.

TAC (Tracking Area Code): Trongang di dong 4G LTE thi TACduoc gin Voi
mot nhom eNodeB rit dinh. Muc dich dé c6 thé dé dang tim vatinh vi mét UE. MME



s3 xacdinh Vi tri caa toan b cac UE trong ving pit vu caa né. Khi cac UEan dau tién
ding ky vao ndt mang thi MME € tao ra ndt thuc thé dé chira cac théng tin nay trong
HSS. MME $ biét toan & cac théng tin khi thagoi eNodeB éng nhr vi tri cia cac UE
qua cac bn tin dinh ky.
2.2.7 Toc dp tai xuéng trung binh Download DS — Download Speed

Téc do tai xubng trung binh last sb gitra Hng dung rong cac &p dit liéu tai xudng
trén Hng £ thoi gian i xudng.
2.2.8 Toc dp tdi lén trung binh Upload US — Upload Speed

Téc do tai Ién trung binh last sb giira ©Hng dung trong cac &p di liéu tai 1én trén
téng $ thoi gian &i lén.
2.2.9 T I¢ truyén tdi goi bi roi — Packet loss

Ty lé truyén i géi bi roi 1a ty 1 (%) gita $ lan truyén ti goi bi roi trén Hng $
lan truyén tai goi.
2.2.10 Thi gian tré truy nhdp dich we trung binh — Latency

Thoi gian t€ truy nhip dich w trung binh |a trung binhoag aia cac khéng thoi
gian té truy nhap dich wu.
2.2.11 W I¢ truy nhdp dich wu thanh cong — Service Access Success Rate

Ty Ié truy nhip dich wi thanh céng lastlé (%) gita $ 1an truy nkip dich w thanh
cong tréndng £ lan truy nkp dich w.
2.2.12 F |é cugc i dwoc thiét Igp thanh cong CSSR — Call Setup Success Rate

Ty 1é cudc goi dugc thiét 1ap thanh cong CSSR 1& 1 (%) gita $ cudc goi duoc
thiét 1ap thanh cong trérohg $ cuwc goi duoc thre hién.



2.2.13 W Ié cugc goi bi rei CDR — Call Drop Rate
Ty & cudc goi bi roi 1a ty 1& (%) gira $ cudc goi bi roi trén Bng $ cuwic goi duoc

thiét 1ap thanh cong.

2.2.14 Clit lwong cujc gpi MOS — Mean Opinion Score

Chat luong cubc goi 1a chi O tich hyp aia cHit lugng truyén tiéng noi (Wi voice
call), chit luong truyén tiéng noéi va hinhanh (Wi video call)duoc xacdinh king céach
tinh diém trung binh i thangdiém MOS tr 1-5.

2.3 Két luan:

Chuong Il cia dé tai da trinh bay va phan tich cacuyaimg phap, congwcdo kiém,
danh gia cht luong mang va dch w 4G; Phan tich cacéy t anh hrong dén chit luong
mang va dch wu.

Ngoai ra, trong pin nay dingda dé cap, phan tich vaga chon cac thamé tiéu chi,
cac B KPI phuc wu cho vic do kiém vadanh gia cht lvong mang, dch w 4G nhr
RSRP, RSRQ, SNR, CSSR, DCR, MOS ....



CHUONG lll - NGHIEN C UU, THIET KE VA XAY D UNG BQ
CONG CU PO KIEM VA PANH GIA CH AT
LUQNG MANG & DICH VU 4G.

3.1 Muc tiéu xay drng cdng @ do kiém va danh gia chit lweng mang va dich vu 4G

Trong nhirng nim t6i day, ¢ Viét Nam mang 4G LTE § c6 nhiing hedc phat trén
manh g, nhiéu doanh nglép vién thdng trong ngc da sin sang tén khai vadua mang
4G LTE vao thrc % clng \i nhiéu loai hinh dch w v cungda cang vadoi hoi chat
lugng dich w rit cao.Dé dam bao chit lvgng dch wi, chiém linh th phan, anh tranh
bén vitng, cac doanh ngdp € khdng nging mo rong ha tang va phéat tdn mang huéi.
Mot van @ vo clngdang quan tam trong qué trinfbmdng la [am sadam bao duoc chit
lugng mang va dch wi 4G LTE. Nlim dap ang nhu éu thyc € vé viéc do kiém chit
lugng mang va dch w 4G LTE trong trong lai din, dé tai ¢4 nghién ¢u va xay ang
“Bo cong @ do kiém vadanh gia cht luong mang va dch w 4G LTE” dra theo cac

tham $ d& duoc lva chon tir cAc tiéu chén trén ti¢ gisi va Viét Nam:
- Cac tham &do kiém chit lvgng mang 4G: RSRP, RSRQ, CQI, CELL ID, TAC.

- Cac tham &do kiém chit lvgng dich wi thaai trén mang 4G: CSSR, CDR, MOS, CELL
ID, TAC.

- Céc tham & do kiém chit lwong dch w dit liéu trén mang 4G: download speed, upload
speed, packet loss, delay, service accesss suatess

Ngoai viéc dap ung céc tinh #ng do kiém chit lvong mang va dch w 4G noi
chung, 6 cbng @ con co cac tinhamg khac nhr:
- B c6ng @ hd trg thong ké va phan tichidliéu do kiém da cang: drdi dang text,dd thi,
ban do... tao cac bao cao theodmdinh sin haic co tié tuy bién theo yéu &u cia ngroi
St dung dréi dang xml, csv, pdf.
- B cdng @ sir dung nhéu ky thuat va cac that toando kiém tién tén nht hién nay trén

thé giéi cho Kt qua do kiém vai o chinh xéac cao.



- Bo ¢dng @ dugc phat trén va xay ang hyi doi ngi chuyén gia, & sw ngudi Viét nén

rat than thén, & dang trén khai, nd rong va hat dong vo cungon dinh tuy nhién gia
thanh @a sin pham lai thiap hon rit nhiéu so i cac cong g do khacdangduoc sr dung

hién nay nlxr TEMS, NEMO. Quaid s tiét kiém duoc nhan trc va chi phi cho ¥ do

kiém chit luong mang va dch wi 4G LTE.

3.2 Lwa chon yéu diu ky thuat cho viéc xay drng bd cong ar do kiém chat lwong
mang va dich vu 4G LTE
3.2.1 Yéu 6u phdn cing

Théng qua \ic tim hiéu cac cling laai thiét bi khdc nhau léh naydang co nat
trén th treong, nhom nghiéniw da lra cton ra mdt sb thiét bi dugc cho 1a phu bp véi

viéc do kiém chit luong mang va dch w mang 4G LTE.

Thiét bi Cau hinh
Laptop Intel Core i5, RAM 4GB, HDD 500GB
bién thai Samsung J5 Chip Qualcomm Snapdragon 410 — 4 phan
64 bit, 1.2 GHz
RAM 2GB

Bo nhd trong 16GB
Hé diéu hanh Android 6.0
HG tro két ndi 4G LTE Cat4

USB 4G USB 4G Huawei, Sierra Wireless

GPS

Bang 4 : Yéu éu phun aing cho B cong @ do 4G LTE



3.2.2 Yéu du phan mém
3.2.2.1 K diéu hanh Android

B6 cdng @ do kiém chit lugng mang va dch wi 4G LTE dugc phét trén trén gn
tang pHin arng 1a Samsung J56i7hé diéu hanh Android 6.0ubng thich i nhiéu céng
nghé vé tuyén nhr: GPRS, UMTS, HSxPA, LTE... #diéu hanh Android cungap cho
chang ta kh ning phét trén cactng ding bing cach & dung cac Telephony API, cac
giao dén go 16, va cac moi trong thuin loi cho viéc kiém tra khi nang trong thich i
cac lai thiét bi Android khac nhau. & ca cac plAin mém duoc Sr dung la ma ngén mo
va déu duoc cip phép, dai6 ching ta khéng phchiu thém lt cir chi phi ndo cho ¢t
phat trén sin pram.

Cacting ding cho Androidduoc phét trén bing ngdn ng Java & dung b phat
trién prain mém Android (SDK). SDK bao &m mot bo diy da cac céng ¢ dungdé phat
trién, gom c6 coéng ¢ g 13i, thu vien phn mém, bd gia 1ap dién thaai dya trén QEMU,
tai lieu hugng din, ma ngén mau, va hrong din tirng hege. M6i treong phat trén tich
hop (IDE) dugc hd trg chinh thirc 1a Eclipse & dung pHin bd sung Android Development
Tools (ADT). Cac cdngwcphat trén khac éing c6 §n, gom c6 B phat trén gdc danh
cho caairng dung hdic phin mo rong viét bing C hac C++, Google App Inventor, ¢h
méi trudng dd hoa cho niiing nha 4p trinh moi bat dau, va nhéu rén tang ang ding web

di dong da rén tang phong phd.

Android c6 ndt hat nhan dra trén nhan Linux phiénah 2.6, K tir Android 4.0lce
Cream Sandwickrs vé sau, 1a phiéndm 3.x, \6i middleware, thr vién va API vét bing
C, con pln mém tng ding chay trén ndt nén ting ung duing ¢m céac thr vién trong
thich Wi Java dra trén Apache Harmony. Android sung mayao Dalvik véi mét trinh
bién dch dong dé chay 'ma dex' (Dalvik Executablelia Dalvik, throng dugc bién dch
sang Java bytecodeéhltang ptin arng chinh éa Android 1a kén trac ARM. Ngroi ta
ciing b tro x86 thong quaw an Android x86, va Google TViing sr dung nmbt phién
ban x86 dac biét cia Android.Nhan Linux dung cho Androih duoc Google thrc hién



nhiéu thaydoi vé kién tric so wi nhan Linux @c. Cacing dung Android chy trong not
mot khu wrc riéng & véi hé thdng va khéngtuoc tiép can dén phan con hi cia tai nguyén
hé théng, trir khi nddugc ngroi dung trao quén truy cip mot cach cdng khai khi caiit.
Sau khi xem xét cac géy nay, ngoi ding co th chon ddng y hdic tir chdi chang,eng

dung cH duoc caidat khi ngroi dungdong y.

2.2.2.2 @ sodirliéu

Co o dit liéu — database laghung ding dungdé luu trix tap hop cac d liéu, tao,
truy cip, quin ly, tim kiém va saodu cac d liéu ma né ku trie. Trong thrc & c6 the co
nhiéu cach khaduoc sr dung dé luu trix dit liéu, tuy nhién wc doc va ghi dr liéu king
cac cach nay khdngéhié dang va nhanh chéng wmiviéc leu trir dit liéu trong © so di
liéu. Hién nay cac & théng ndi chung c6 Bt luong @ s dir liéu vo clng én, V6i sb
lwgng kin ghi dugc yéu éu doc ghi lién tic doi hoi sy chinh xac tu§t ddi nhung ding
phai dapung yéu éu vé mat thoi gian. Chinh vi Iy daid, cac i théng quan tri co so dit
liéu quan B (RDBMS — Relational Database Management Systa@mgdoi, RDBMS la
mot hé guan tri co so dir liéu dea trén md hinh quanéhtugc phat minh bi E. F. Codd.
Tat ca cac & quan tri co s dit liéu duoc Sr dung ©ng rai hén nay nir Microsoft SQL
Server, MySQL, SQlite, Oracle .déu duoc phat trén dra trén mé hinh RDBMS.

i [ Memory
Data Tables ) | Meta Code Memor
Rows [ = - Y
Columns |_Plan J Model
R | saL statements
Instance - Bl i
Processes
T
s
Reader | | Logeing | Process
| Writer | Checkpoint Model
Database _ A T T B
— P — - —
Server
Disk
Control
Database -| Tables Files _ Storage
Rows Model
Columns
Indexes

Hinh 3 - 1: Kén trac chung ga hé quin tri co so dir liéu quan ld RDBMS



Nhu ta d8 thly cé it nhidu he quan tri co o dit liéu hién naydangduoc cac nha
phat trén phan mém s dung nhr Microsoft SQL Server, Oracle, MySQL..., tuy nhiéh
twong thich Wi nén tang ptin arng va & diéu hanh Android trong®cong @ do kiém
chat luong mang va dch wi 4G LTE nhém nghiéni lya clon MySQL 1a 1 quan tri co
s dir liéu bai vi:

- MySQL ¢ tté twong thich Wi nhiéu loai ngdn ngt lap trinh khac nhau nhJava, ASP,
NET, PHP, Python ...trong khi et MySQL lai khéngdoi hoi qua nhéu tai nguyén nin

CPU, RAM dia may tinh. Ngoai ra MySQL cord lirg chay tét trén nhéu hé diéu hanh
khac nhau nin: Linux, Windows, Mac OS...

- MySQL la mét hé quan tri co so dir liéu ma ngén md phd bién nhit trén tié gisi véi co

ché xtr ly nhanh v&n dinh aia né, & dang tin @y cao va @ sir dung. Gng ddng b trg

cho viéc sr dung MySQL 1a ét 16n, ching taat d& tim kiém cac cau # loi cho cac

vudng mac gip phii trong qua trinh® dung MySQL.

- MySQL dua ra tinh &ing hio mat dic biét chic chin di liéu € dugc bao mat tuyét ddi.
Trong viéc Xac nln truy ép o & dir liéu, MySQL cung ép cac k thuat manh ma clic
chin chi cé ngroi str dung da dugc xac nAn moi ¢ thé truy nhip duogc vao server e so
dix liéu, wi kha nang naydé chin ngroi dung ngayt mac may khach I&iéu co tké 1am
duoc. SSH va SSLimg dugc M tro dé chic chin cac Kt ndi duoc an toan vado mat.
Mét dbi tuong frameworkdic quyén duoc dua ra ma ngoi st dung cH ¢ tré nhin thiy

dir liéu, cAdc ham ma héa vaagma dr liéu manh chic chin rang dr liéu < duoc bao mat.

- CAc cbng ¢ backup va recoveryocsy dit liéu dugc cung ép boi MySQL va cac hang
phan mém tht 3 cho phép backup logic vty hoan thén cing nhr recovery toan &
haic tai mot thoi diém naodo.

- MySQL hait dong theo méd hinh client/server, cac client cokét ndi toi serverdé thuc
hién truy \an, cp nhap di liéu bing cac céngc co gin trong MySQL hac bing not

phan mém cia mdt bén thir 3. Nhiéu cdng @ caa cac hang gim mém thx 3 ding c6 én



trong MySQLdé diéu khién cac tac v tir thiét ké dir liéu va,dén viéc quan tri co s dir

liéu hoan thén, thrc hién kiém tra, backup va recovery so dit liéu khi cin thiét.
3.3 Kién triic b cong a1 do kiém chit lwong mang va dich vu 4G LTE
3.3.1 Kén triic bg cong a
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Hinh 3 - 2: M6 hinh in trac b cdng @& do kiém chit lwong mung va dch w 4G LTE
Vé co ban bd cong @ duoc thiét ké mot cachdon gian nhit, rat tién loi cho naroi sir dung

bao @m cac module afc ningduoc mé & nhr trong hinh 4.1 baodgn:
- Module giao din ngroi sir dung: cho phép ngdi sir dung thiét 1ap cac baito, mau do cho céac
tham $ danh gia cht lvong mang va dch wi 4G LTE.
- Moduledo kiém cac tham&chit lvgng mang 4G: cho phép tte hién do kiém va thu thp cac
so liéu c6 lién quandi chat lugng mang 4G.
- Moduledo kiém cac tham&chit lvgng dch wi thoai trén mang 4G: cho phép tre hién do

kiém va thu tAp cac $ liéu co lién quandi chat lugng dch wi thaai trén mang 4G.

- Moduledo kiém cac tham&chit lwong dch wi dit liéu trén mang 4G: cho phép ttt hién do

kiém va thu thp cac 8 liéu cd lién quandi chat lugng dch wi dit liéu trén mang 4G.



- Module @ s5 di liéu: cho phépuu trir cac dr liéu cia toan b cac tham &do kiém chit luong

mang va dch wi 4G.

- Module tténg ké va phan tich: 1am réimh vu théng ké va phan tich cadrdiéu do kiém da thu

thap dugc trong © so dir liéu.

- Module to béo céo: thédng qua catlstu da phan tich va ting kéa trén cho phép ngi sir
dung tao cac bao cadanh gia cht luong mang va dch wi 4G theo céac &u c6 $in haic cac niu

béo céo tuy .
3.3.2 Thiét ké chirc ning

3.3.2.1 Yéudu chrc ning
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Hinh 3 - 3: M6 hinh phan ra @t ning



3.3.2.2 Béu do use case

Bo cong @ do kiém chit luong mang va dch wi 4G LTE bao §m cac use case

chinh sau:

- Use case tht 1ap baido cho cac thamisdo kiém:

+ Do kiém tham 8 chit lugng mang 4G.

+ Do kiém tham 8 chit lugng dch wi thaai trén mang 4G.

+ Do kiém tham 8 chit luong dich w di liéu trén mang 4G.
- Use case phan tid#nh gia cht lugng mang va dch wi 4G:
+ Phan tich, tbng ké cac & liéu do kiém.

+ Tao cac bao cadlanh gia cht lugng mang va dch w 4G.

/Do kiém tham sé chét
lwong mang 4G/

s

o <<includess i

Thiét 1ap bai do >, B0 kidm tham sb chit,
o - cho cac tham s6 k — — =<ineludes> — - - lweng dich v thoai |
do kiem ./ T - trén mang 4G

' 7 T <<include>> e

; _ffn-.-l-(iém tham sé chit 5
"M lwong dich v di lidu |
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Hinh 3 - 4: Béu do use case



3.3.2.3 Béu do logic

User interface System Database

5 Thiét lap bai do.
cau hinh cac tham
s0 do kiém

Y¥éu cau thwec hign )
do kiém

Thre hign do kié
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Hinh 3 - 5: Béu do logic cho use case #ildp baido cho cac thamdsdo kiém
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Hinh 3 - 6: Béu do logic cho use case phan tietinh gia clat lwong mung va dch w
4G



3.3.3 Thiét ké co so di liéu

3.3.3.1 Bng quan ¥ thiét ké co so di liéu

Thiét ké 1a mdt buéc kha quan tmg trong qua trinh xayuwhg mdt co o dit liéu.
Trong k¢ thong quin ly dit liéu, cac cong vic chi yéu duoc thec hién khdng chla thu
thap dix liéu, hru trix dit liéu, va khéi plc cac @ liéu ma quan tmg hon ci 1a chuyén doi
cac dr liéu d6 thanh théng tin. C6 n@i cho fing phan tich va tht ké co so dir lieu la
mot linh wrc phic tap va ét khé hoan thin, byi bén @nh sr am héu Vé cau trac, &
théng théng tindé hoan thanktwgc mdt co i dit liéu nhirtng nha thit ké co v dir liéu
con phii ¢6 tr duy, khi nang phan tich va nhin ah van dé tét, thém vaaio kinh nghém
lam viéc thue tién 1a mot van dé khong kém pén quan tong... Tuy nhién, c6 nkiu ngroi
lai cho ing viéc phan tich va tht ké co o dir liéu cing khéng c6 gi kho kim, co tit
ding nking pHin mém h tro thiét ké co o dir liéu dé trg gilp cho véc tao lap cac lng,
cac trong, cac chmuc, cac ndi quan 1§... va cH trong ndt khaang thoi gian @t ngan,
mot co si dir liéu & duoc hoan thanh. Tuy nhiétiém then clbt caa viéc thiét ké co so
dir liéu khéng phi nam & d6. Nauoi thiét ké co s dir liéu < thiy thoi gian minh 40 lap
cac king, cac i quan f...1a qua ngn so \6i qua trinh tim cach phat én va duy tri o
s dir liéu vira duoc thiét ké 1én mdt mirc cao lon, diy du hon; xuit phat tr nhirng yéu
cau aia viéc phan tich ciac ning, hay tr cac yéu éu vé cau hinh @a e thdng. Bé thiét
ké mot co s dir liéu vé co ban bao @m céc xsc:

- Xéacdinh van dé can giai quyét (hoac dinh nghia caadéi tuong).
- Nghién aru cac I8 théng @ so dit liéu Sin co.

- Thiét ké cac du trac dr liéu.

- Xay dung cac quané

- M0 ta cac Iuit va ang bubc.

- Tao lap cac lan dac ta dix liéu.

- Thuc hién thiét ké co so dit liéu.



a. Xacdinh vin dé can gidi quyét (haic dinh nghia cacdsi tuong)

Pay la hrdc dau tién va éng 1a hrgc quan tong nhit dé bat dau véi mot qué trinh
lam viéc mang tinh xu trong cao. Xaalinh Vin dé mot cachday du, cu thé s3 gitp cho
cacddi twong ma nha tit ké quan tam trongcss dir liéu caa minh té nén rd rang ém.

Tam quan tong aia viéc xacdinh vin dé can giai quyét duoc thé hién trén hai yéu au:

- Co v dir liéu § duoc sr dung nhr thé nao?

- Nhitng thdng tin gi &n duoc leu trir trong @ SO dit liéu?

Budc nay la lmgc thyc hién quan tong dau tién. Bsi ngudn dir liéu trong trong lai
s3 duoc truyen tai vao @ s dit liéu ma nha thit ké dang tén hanh phan tich luén mang
nhitng dic tinh tr nhién bn c6 dia nd.biéu nay ding dong nghia wi suy ngh: théng tin
khong phi [a ngubn gdc aia dr lidu. Thdng tin chla cai md & hinh thic ding nhr ban
chat caa ddi twgng hay nling van dé can giai quyét. O day, c6 tié xuat hién mot sd kho
khan ddi véi nhiéu ngroi thiét ké co s dir liéu. PO 1a nhirng khé kHin xuit phat tr yéu
cau mo & thong tin @a cacdéi tuong € cO mit trong @ s dit liéu. Bdi tuong trong thrc
té thuong mang nfing nétdic thu, co th thaydai theo thi gian, theo kng diadiém, va
suy nghi chi quan @a ngroi s dung. Van dé s5 duoc don gian hon khi ching ta phan
biét hai hréng thiét ké co so dit liéu: Hurdng the nhdt: co so dir liéu S duoc thiét ké mot
cachdon 1& phuc wu cho mét dbi tuong it thayddi. Hudng the hai: co s dir liéu duoc
thiét ké theo hrong ng quéat hda, it phat & cac yéu &u cia nhéu ddi tugng khéc
nhau.

Mot & mau thdn trong y trong thét ké s5 nay sinh vaddi choi véi nhau tr hai
van dé nay. Theo héng thr nhit, mic do day du, chinh xac khi méatcacddi tuong $ dé
dang fon nhrng yéu éu cho vic phat trén y trong thiét ké 3 bi b6 bue. Hudng thi hai
s3 ¢0 ki cho qua trinh phéat tm hé théng, nhrng € kho khin hon cho cac nha thi ké,
ciing nhr y&u du \é tinh chinh x&cday du caa dr liéu. Lya cton heong théét ké nao 1a
diéu rat quan tong, boi khi d& ra chon duoc hudng thiét ké, thi ngroi thiét ké co o dir
liéu $ xacdinh dugc pham vi ciing nhr ndi dung @a aia cacddi tugng va nlieng Vin dé

can giai quyét. Trong trong hyp, ban dang thrc hién mjt giai phap tin lhc mang tinh



tong quat cao hagang gn xuit mot pham mém dong goi co th ap ding duoc nhiéu noi,
di nhién, lwong thiét ké thir hai 1a lra chon 6t nht caa an. Treong hyp, ban chi thuc
hién mot giai phap tin vc trong khuén kb mot cong ty, hay doanh ngii naodd,  tuy
vao trng diéu kién o thé khac, vi ai: yéu @u phat trén hé thdng, tinhdn dinh trong cac
hoat dong aia doanh ngkip, vin dé tu van, trién khai, gia tr hop dong... dé ban co tté
lwa cton mot hudng thét ké co s dit liéu thich kyp nhat cho minh.

b. Nghién ¢u céac I# théng @ s& dif liéu sin co

Trong Hu hét cac trong hop thiét ké, ching ta thong bit gip nhirng théng tin,
chi tiét da dugc thé hien mot cach trong déi chinh xéac trong @t sb hé thong dr liéu da
c6 tr truge. Nhitng he thdng di liéu ndy § cung @p cho cac nha thi ké rat nhiéu théng
tin can thiét, duéi bat ky hinh thrc mé & nao.Pay chinh 1a it trong nhiing diém khoi
dau thich lyp nhit caa qué trinh thit ké mot co so dix liéu. Nguoi thiét ké s5 dé dang lon
trong viéc md & nhing dic tinh én thiét caa rt nhiéu dbi tuong cn duoc xay drng
trong @ s dir liéu. Tinh thrc & caa cac B théng dr liéu c6 sn nay khéng niing < gilp
cho ngroi thiét ké nim hit dugc théng tin éa ddi tugng ma con gilp choohthdy dugc
nhitng mbi quan 1§ gitta chingDay 1a nét cin ar rat hiru ich pluc vu cho qua trinh mo

ta cac rang boc sau nay.

Trong qua trinh nghiénia nhitng ke thdng dr liéu c6 €in ndy, ngoi thiét ké can
c6 cac lrdc chpn loc théng tin tit hop ly. Boi thong tin chira dung trongdd chra chic
da hoan toan chinh xéac, cétthiéu haic dr thira. Pay la nt truong hop thuong dgip
trong thrc t, dic biét 1a khi nghién ¢u nhitng ke théng di liéu ¢ nhitng don vi ma tinh
t6 chic aing nhr kha nang quin ly chra cao. Nghiénieu cac i théng dr liéu sin co la
mot didu hét siic cin thiét trong kit cir treong hop thiét ké co so dir liéu nao.Ddi Vi
truong hyp thiét ké co so dir liéu don 1é phuc vu choddi tuong it thayddi thi nguoi thiét
ké s3 han ché duogc viec bo sét thdng tin vald mat thoi gian ton khi tim cach thémdi
cac trong feu trir dir liéu. Ngroc lai, trong trong hop thiét ké theo hréng Hng quat,
nguoi thiét ké 3 tich Ky duoc nhiéu kién thirc thuc t hon, tir d6 c6 cai nhindng tré hon



va thuin loi hon trong qué trinh quiap théng tin pc vu cho hréng di téng quéat aa
minh.
c. Thiét ké cac aiu trac dr liéu

Mot co so dir liéu 1a mdt tip hop cia cac Bng dr liéu (Tabled va cac i quan 1§
(Relation3. Trong mdi bang di liéu déu co cac trong dr liéu (Fields, Columnyg day
chinh I& wi leu trir cac chi tét caa di liéu. Vi vay, budc tiép theo éa qué trinh thit ké &
xacdinh va md 4 cau trlc ¢ia cac teong dr liéu nay. O nhién, lan chra phii dit tén cho
céc king dr liéu ding nhr suy nghi dé lya chon tén tedng dr liéu sao cho bp Iy nhit.
Viéc dat tén, kan € thuc hién rat dé dang trong bac thec hién thiét ké sau nay, khi4n
da c6 &n nhirng bin mé & chi tiét vé cac ting, cac teong dr liéu da duoc trinh bay rd

rang.

bPay c6 tit 1a congdoan mangdén nhiu ich bi ddi véi ban, ki lic nay nhing
hinhanh aia cacddi tuong thre t 5 dwgc ban mé & lai theo suy nghcua minh. Nikng
van dé can duoc giai quyét ma an da xacdinh tr buéc dau tién § dan dan hién ra ré rang
hon. Ban < thiy dugc au thé nhitng d6i tuong ma minhid dinh ngha, tir 46 ma bét duoc
céi ndo chra thrc ar hop ly, cai ndo &n phai diéu chinh ki... Trong nhéu trudng hop, tir
budc xacdinh ddi twong dén budce thiét ké ciu trac dr liéu, ngroi thiét ké co thé dé dang
thuc hién céng véc cia minh, b cac chi tét thuc ¥ gan nhr thong nHit véi nhirng ciu
trac dr liéu dangdugc phan tich. Trong i1 6 truong hyp khac, 8 xuat hién mot b truc
tric cin phai xir ly ¢ day. Vi di: nhiéu t chac c6 tié s dung nHing thiufit ngir twong tr
nhaudé md & nhirng dr liéu trong déi khac nhau, hic théng tin éa mdt déi twong duoc
lwu tri 13p di 14p lai nhiéu lan, & nhiéu noi... Ciing c6 i, ban < gip kho kHin trong vic
dinh ngha trong dr liéu nao § lam khoéa chinhRrimary key, hay tieong dr liéu nao §
dugc tham chiu tir dit liéu dwoc mo & trong ot ddi tugng khac Foreign key ...

Sau khi cac dng dr liéu dugc xacdinh va cac trong dr liéu da duoc sip xép vao
mdi bang, chidng ta&quan tamién viéc md & nhiing dic tinh riéng cho @i truong di

liéu d6. Mot truong dr liéu tot phai 12 mot trudong ma théng tirtuoc chra dung trongdd



khéng tf¢ chia nld thémdugc nira. Pay chinh la it yéu du o ban trong qué trinh
chuan héa d liéu. Tim héu ky cac dng chuin hoa d liéu va ap dng vao véc thiét ké
cac trong dr liéu la mdt van @& khong tié bo qua khi lan thiét ké bit cr co v dir lidu
nao.Pay ding la Itc thich bp dé bat dau ngh dén viéc xacdinh kiéu dir liéu cho fing
truong. NHing théng tin gidp cho ¥t xacdinh cac kéu di liéu (Datatypd, co tré ching
ta da biét dugc phan nhiu tr khi bit tay vao xéc xacdinh déi tuong nghién au. Tuy
nhién, \in con ndt sb van dé can giai quyét. Chi yéu |1a viec mo & lai nhitng kiéu dit liéu
dangdugc thé hién trong thre € vao & théng kiéu di liéu ma ching t@angdinh ngha
cia @ ¥ dir liéu. Vi nhr: nhan dang kiéu dir liéu cia cac teong va kém tra tinh chinh
x&c dia n6 Bing tip hop cac d licu miu. Pay la céng Ve rit dé dang nleng € gidp an
giam duoc rat nhiéu thoi gian trong sGt qua trinh cinh sra va phéat tdn mé hinh ma
minhdang thét ké.

Thudng thi ching ta it c6 théi quedpthop nhirng chi tét tuong tr nhau thanh Gt
hinh thrc md & mang tinh dng quat. Trong khi xadinh cac kéu di liéu, réu ban co
cach nhin hi nguoc Vi théi quen trén, co thban s 1am cho vin dé can giai quyét tro
néndon gian hon. Mot co v dit liéu c6 thé c6 hang &im, hang ngan wwong dr liéu, mi
truong nHit dinh phii duoc mo & theo ndt kiéu dit liéu ndodd. Trong 6 do, lai co the, co
nhitng trrong di liéu dugc leu trir theo clng it kiéu dir liéu. Van dung khai ném dinh
nghia mén di liéu (Domair), ching ta &khong mat nhiéu thoi giandé mo & kiéu di liéu

cho cac trong.

d. Xay deng cac mi quan ¥

Mot co so dir lieu khong ti thiéu di cac mdi quan &, nhirng thanh phn chi yéu
ma chuing ta tiong dingdé lién két thong tin gira cacddi tuong ¢ trong ¢ so dir liéu.
Céac quan & ma chiing ta méttirong @ s dir liéu € c6 nhém wu ndi két théng tin not
cach chinh xac vday du nhirng mbi quan 1§ gitra cacdéi tuong. Khi tién hanh mo# cac
mdi quan I§, ban thir nhin ki nhitng diu trdc dr liéu ma minhia to 1ap. Nhirng hinhanh
vé cau tric dia cacddi tugng € 1a mdt yéu 6 dau vao kha quan dng co tié gitp ching

ta mo & dugc cac quan hmot cach chinh xaajay du. Can kiém tra hi viéc tao lap céc



truong dr liéu dong vai tro la khoa chinh trongrg bing dr li¢u. Xacdinh khoa chinh
mot cach lyp ly s gitip cho an md & cac ndi quan & rd rang lon ding nhr 3 gidp cho
dir liéu duoc lvu trir sau nay mang tinh chinihéa caoO giai doan nay, co th ban 5 thiy
rd hon tim quan tong aia viéc md & ciu trac dr liéu, vi nhr xacdinh treong di lidu lam
khoa chinh. Bi khi tao lap cac ndi quan 1§, c6 nhirng déi tugng ma théng tindu trir caa

no phii dua vao g lién két théng tin @a mot sb ddi tuong khac, nii dugc tao thanh.

Céac ndi quan & duoc md & trong @ s dit liéu, c6 pln trong tr nhe nhitng mi
quan 1§ trong nlitng hait dong doi thuong aia con ngdi vay. Quan sat ning mbi quan
hé thuc # d6, chang ta cé ththuan loi hon rat nhiéu trong khi thét ké. Rit nhiéu nhirng
quan k& ma kn da tig nhin thy trong thrc t, 8 dugc yéu du md & va An luot xuat
hién trong © so dit liéu. Tuy nhién, hinh tirc, tinh clit cia cac mi quan I& d6 1a gi?
biéu nay, lan khong i bo quadugc. Co nhing quan B bat buoc phai c6, cé nling quan
hé khéng tat busc, ¢ nlitng quan B mang tinh duy rdt, c6 nhiing quan B da chéu...

e. M0 ti cac luit va rang buc

Hé thong @ s dit liéu, thec ra, chinh 1a oi luu trir cac théng tin & mot van dé,
duoc t6 chic hop ly dé thanh ndt co s cho cac cdng ¥t nhr: truy tim théng tin, rat ra
cac Kt luan vadua ra cac quit dinh... Thrc & cac hat dong nay thrdng rim trong géi
han cia céc ldt (rules) va ndt loat rang béc quan & (constrainty. Néu khéng c6 cac
luat, cing nhr c&c rang béc trong ndt ddi tugng hay gira cacddi tuong, @ s dir lidu
van co tte tao lap duoc, nheng do 1a bt co s dir liéu kém clat lwgng. Cac ldt va cac

rang béc quan B xuat hién ¢ hai phin:

- O ngay bén trongi@ trng d6i tuong (Quan ¥ bén trong.

- Dién ra khi c6 g lién két giira caodéi tugng (Quan I bén ngodi.

Cac Iuit va cac rang bic quan k& 1a hai ¥u t6 khong tié thiéu duoc trong du tric
cua mot co o dit liéu, tinh an toan, chinh xac vaphly cia @ s dir liéu dugc quan tam
trudge hét qua céc lat va cac rang kic quan k. O do, nhiing kiém tra mang tinh ch bat

buyc ding nhr khdng tit buoc, £ mo & cho qua trinh tlt ké cacddi tuong. Mot vi du



cu thé: Néu trong nét déi tugng naodo cé kru trix 2 thong tin: gia irlon nhit va gia ti
nho nhit caa mdt thupc tinh naodé thi nHit thiét gid ti nho nhat phai luén bé ln haic
bang gia ti 16n nhit, d6 chinh 1a mt luat. Cac It va rang bac < lam cho @ lidu dugc
rd rang lon vi iy théng tin § tot hon khi sr dung d liéu d6. Céc ldt va rang bac $

gioi han dinh chng cac @ liéu haic cach tikc ma dr liéu tr bang nay c6é th duoc lién
qua (tham chiu) tir bang khac. Mit s6 rang béc duoc xacdinh dra trén tinh nhién
von c6 da dr liéu. Hinh thirc rang bdc nayduoc thec hién mot cach binh thong dé

dam bao tinh chinh xac vaingdin cia dr liéu. CO tié nhiing gid ti caa dr liéu thuong
duoc kiém tra hi dia trén not danh sach hi@ ar lya chon nhirng gié ti khac i cac rang
budc da dugc xacdinh. Kiéu rang bdc nay throng duoc & dang thrc hién va thaydoi

hon.

f.  Tao ldp cac hin dac ta dir liéu

Viéc tao 1ap cac lan dic t dir liéu 1a mdt bude hét src cn thiét dé thé hién rd nét
hon hinhanh va nling dic diém cia dr liéu trong qué trinh tt ké co s dir liéu. Cac
ban dic ta dir liéu 1a nhing miu dir liéu mang tinh thc €, dugc trinh bay a thé trén
gidy, may tinh... Trong qua trinfad lap cac Bn dic ta dir lieu thi mot ky thuat kha quan
trong dé nang héu qua trinh bay @& liéu 18n At nhidu do 1a ky thuat View. View la nhing
s lya chon dit liéu ma ching ta cé kmang Ry dugc tir co s dir liéu. N6 ding co the 1a
mot tap conduoc rat ra ndt cachdon gian tir dir liéu cé trong cac dang hdic cing co tié
la mot s lya chon @ liéu phic tap hon bing céch lién & cac king lai véi nhau drdi mot
sb diéu kién naodd. Di nhién, lic nay, ching taeh hoan thanh ¥t thiét ké mot co so
dir liéu thi cac K thuat dé tao View théng qua cac caanh truy vin kho ma tirc hién
duoc. O day, Viewduoc thé hién bing cac Bn dic & di liéu trongdd c6 thém s trinh

bay, lién Kt thdng tin gira caaddi tuong (king).
g. Thec hién thiét ké co so diF liéu

Ban c0 ti¢ bat dau dung nét to gidy kho 16n dé vé Iéndé cacddi twong va quan &

gitta cacddi tuong. Khida céday da théng tin ¥ cacddi tuong, cac éu tric dr liéu, cac



quan & va rang bac thi viéc thiét ké co so dir liéu chi 1a céng véc khadon gian va mang
tinh cHit t6 chrc. Tuy nhién, rt co s dir liéu mun thanh hinh va cé émang vaaing
dung trong thrc t thi khéng tk thiéu duoc brde nay. Khi thre hién thiét ké co so dit lidu
can dam bao cac yéu au:

- T6 chic, ip xép cacddi tuong va quan &ding Wi cac yéu éu va rang béc.

- Cacddi tugng a1a @ s dit liéu dd phan tich, an loc cin duoc thé hién day du.

- Hinhanh aia caaddi tuong, quan B phai duoc thé hién phu top, bb tri hop 1y.

- Dién giai, ghi cha nliing diém quan tong dé ban thiét ké duoc rd rang bn.

Dé thuc hién 6t nhirng yéu éu dd, ching ta nénisdung cac pan mém hd trg cho
viéc phan tich va tét ké co so dit liéu. Cac phn mém nay, bén anh la ndt cong @ gidp
cho chiing ta& minh hya caaddi tuong, thibe tinh, quan &... con la nkng tién ich gidp
chiing ta trinh baydn thiét ké caa minh ngt cach ré rang, ¢p ly hon. Bong thi ciing
gilp cho véc kiém tra Bi thiét ké, va to gilp cho ching ta céch ich sra cac di d6
nhanh lon.

3.3.3.2 Thit ké bang di liéu
Bang 5 : Cac bng dr liéu chinh

Tén truong Kiéu dir liéu | Kich thwéc trudng M6 ta

Bang 4G_Data

id int 11 Primary key (not null)
test name varchar 255 Tén bai test
download varchar 255 Gia tham $ download

upload varchar 255 Giéittham $ upload
packet loss varchar 255 Giatinam $ packet loss

delay varchar 255 Giaittham $ delay




http _code varchar 255 Gi4 tham $ ty & truy ntip
dich wa thanh cbng
last_update varchar 255 dilgian d&p nhat
download_profile  varchar 255 Théng tinda hinh 6c do
download
upload_profile varchar 255 Théng tifwchinh ¢ do
upload
Bang 4G_Network
id int 11 Primary key (not null)
test name varchar 255 Tén bai test
RSRP varchar 255 Gid tham $ RSRP
RSRQ varchar 255 Giaittham & RSRQ
SNR varchar 255 Giajttham $ SNR
COI varchar 255 Giaittham $ CQI
CELL ID varchar 255 Gia ttham $ CELL ID
TAC varchar 255 Giaitham é TAC
last_update varchar 255 dilgian d&p nhat
Bang 4G_Call
id int 11 Primary key (not null)
test name varchar 255 Tén bai test
CSSR varchar 255 Gid tham $ CSSR
CDR varchar 255 Giaittham $ CDR
MOS varchar 255 Giaittham $ MOS
CELL ID varchar 255 Gia ttham $ CELL ID




TAC

varchar 255 Giattham é TAC

last_update varchar 255 dilgian ép nhit

3.4 M6 ta cong a1 do kiém va danh gia chit lwong mang va dich vu 4G

Céng @ do kiém, danh gia cht luong mang va dch w 4G (LTE/LTE Advanced)
duoc xay drng hréng ©i viéc phuc wu cdng taado kiém vadanh gia cht luong dch w
thoai va Data trén rmg 4G @a Cuc Vién thdng €éing nha cac nha cungm dich wi nhe
MobiFone, VinaPhone, Viettel, Vietnammobile. Congdo kiém dugc xay drng va phat
trién. Cy thé hé thong do kiém chit lvong mang va dch w 4G (LTE/LTE Advanced) c6
thé do vadanh gia cac dhiéu sau:

« Do kiém cac théng&vé chit luong mang:

0]

O O O O O O

RSRP
RSRQ
SNR
Cell ID
LAC
TAC
PCI

« Do kiém céc chtiéu cHit lvgng dch w thaai:

0]
0]
0]

Ty lé cwc goi duoc thiét 1ap thanh cong;
Ty I€ cuoc goi bi roi
Chét lugng thai (MOS);

« Do kiém céc chtiéu cHit luong dch w Internet (Data)

0]

o O O O O

Ty I¢ truy nhp thanh céngdh w

Thoi gian té truy nhip dich wi trung binh

Ty l& truyén ti dix liéu b roi

Téc d6 tai dir liéu trung binh ¢uong 18n vaduong xubng)
Tré goi

Mat goi



3.4.1 Gii thigu giao dign cdng a do kiém chit lweng dich w 4G

o asrl—

File Resuit Help |

CALL TESTER

[ Phone settings Call logging J
Caller Callee Total called: CalledTotal
| @ =)
@G— ° o] @ [¢] 0
N [ I3
Ph.number 01287179326 0936482876
Call settings
Mode test |CSSR | w
Test name Total call Duration Hext callin
| |ucoe_os11| |5 | s | [30 |
|
' Cconto | [sen | [ s
'} Call result
|8} Caller Callee Call_time | Stari_time | Stop_time Release Mote Test_name

Data called

Khdi menu @a pHin mém
Khéi thiét 1ap cac théng&va thre hién test.

Khdi hién thi théng tin Kt qua.

B6 cdng @ mic dinh thrc hién do kiém cac tham & mang, kém theo cit luong thai

Khéi giam séat &n trinh test va ghil.

cudc goi néu cb yéu éu.




3.4.1.1 Kiéi menu @a phan mém

Menu File

Export CS5R result
Export MOS resuilt
Close

Phone settings

Caller Calles Total called: Called/Total
@) -
< €4G) |# ©
seral [ [~] [ I+
Ph.number 01287179326 1936482876
Call seftings
Mode test |CSSR |
Test name Total call Duration Hext callin
fucbe_0811] 5 | |5 | 130 |
| Config ‘ | Start | ‘ Stop |
Call result
D Caller Callee Call_time | Start time | Stop time Release Mote Test name

Call logging

.

Export CSSR result Xuit két qua caa baido CSSR dng *.csv.

Export MOSresult Xuit két qua caa baido MOS ding *csv.

Close bongung ding.




Meunu Result

| Help

MOS result
e IESTER

Phone settings Call logging
Caller Callee Total called: CalledTotal
C_) )
€4G) ®
serat [ [+ [ I+
Ph.number 01287179326 0936482876
Call settings
Modetest |CSSR |+
Test name Total call Duration HNext call in
jucoe_0811| |5 | |s | [30 |
l Config I | Start. ‘ | Stop ‘
Call resuit
|o] Caller Calles Call_time Slart_time | Stop_time Release Mote Test_name

CSSR Result | Mo bang thing ké Kt qua do kiém MOS

MOS Result | M bang thing ké Kt qua do kiém CSSR




3.4.2 Hréng dan thiét Igp vado kiém
3.4.2.1 Thit Igp chung
e ———— )

| File Result Help

CALL TESTER

Phone settings Call logging
° Caller Callee ‘Total called: Called/Total

i \
Sera Ql SN :
Ph.number 01287179326 D936482876

Call seﬂingso
Mode test ﬂ

Test name Total call

Duration e Mext call in
juche_0811| |5 | 30

O o o | oo

18] Caller Callee Call_time Stan_time | Stop_time Release Mate Test_name'

€ Quét cac thiit bi két nbi dén.

€D Knhai bao serial vadschi goi tuong tng.

° Khai bao serial vadsbi goi tuong ung.



@) Chon ché do test.

o Khai béo tén bai testomg 9 cuic goi test, khang cac gira 2 cwc goi lién
tiep.
@) sau khi khai b4o xong thi vao “Configé x&c nin diu hinh.

3.4.2.2Po kiém ch tiéu chit liong thaii (MOS)
Thiét Igp

Bwoc 1.

2] Call_4G Tester
| File Resun Hep

CALLTESTER P T

Call logging
Calier Callee Total called: CallediTotal

@
© €4GY S
st @@ 7] © -

Ph.number | 01287179326 0936482876

Call settings

Mode test |[mos [~

Phone settings

| Test name Total call Duration ° Hext call in
[ Iliucbe_[]811| [s | 30 I
°:| Config | | Start I | Stop |I
Call result
1D Caller Callee Call_time Start_time Stop_time Release Maote Test_name|

Data called

€ Quét cac thiit bi két ndi dén.

Q Khai bao serial vadschi goi tuongtng.



Khai b&o serial vadshi goi trongng.

Chon ché do test MOS

tiép.

Thuc hién do

Sau khi khai béo xong thi vao “Configé xac nfin ciu hinh.

Khai b&o tén bai testong $ cudc goi test, khang cac dgira 2 céc goi lién

i Phone settings Call logging
Caller Callee Total called: 810
e 5016-11-14 10-44-35 - Callee is onDiaad—
] H ¢ 3 E @ 2016-11-14 10:14:35 - Caller is SEe__
(( 4G )) Call numberis - 2
Z2016-11-14 10:15:10 - Caller is SET_DIA
_ Z2016-11-14 10:15:16 - Callee is ringing
o 63fecad2 |~ | 0Bd2cess |~ 2016-11-14 10:15:17 - Callee is answer(3
[2016-11-14 10:15:17 - Caller is SET_AC]
Ph.number 01287179326 DO36482876 2016-11-14 10:15:31 : Callee is onDiscyg
2016-11-14 10:15:22 - Calleris SET_DIg ||
F Call numberis 3
Call settings 12016-11-14 10:16:07 : Calleris SET_DIA
Z016-11-14 10:16:12 - Callee is ringing
Mode test [2016-11-14 10:16:13 : Callee is answer(
Z2016-11-14 10:16:13 - Caller is SET_AC
Test name Total call Duration Hext call in 2016-11-14 10:16:27 © Callee is onDiscyg
2016-11-14 10:16:28 - Calleris SET_DIH
AT PUTOeT 15 T &
fucbe_0811] [10 | o | 2016-11-14 10:17:03 : Caller is SET_DIA
2016-11-14 10:17:08 - Callee is ringing
| Config | I Start | | Stop | Z2016-11-14 10:17:09 - Callee is answertz
<] i | | ]
°. result
id caller callee call_time...| start_tim...| stop_tim...| release1 note mos ten_bai_t .
=30 BIon T [DOande . 20T T e [P0 T T 206 T, [MORMAL A SAane ducbe. 0. | ~|
531 0128717... 0936482 |2016-11-_ |2016-11-.._ [2016-11-__ |[NORMAL _|NIA 3.285 ducbe_0..
532 0128717... [0936482... [2016-11-.. [2016-11-... [2016-11-... |[NORMAL _[N/A 3778 ducbe_0..
533 0128717... [0936482... [2016-11-.. [2016-11-... [2016-11-... |[NORMAL _[N/A 3793 ducbe 0.
534 0128717... [0936482... [2016-11-.. [2016-11-... [2016-11-... |[NORMAL _[N/A 3.810 ducbe_0.. f=
535 0128717... |0936482. .. |2016-11—._. |[N/A A not com... [MN/A ducbe 0. §w
Data called!

€D  An nat Stardé thuc hién test i thong $ d& diu hinho budc trén.

xanh : céc goi dang dén ra).

Dbén bao ting thai céc goi (tring, xam : Idle, vangdang thét 1ap cuwc gi,




Hién thi thir tu cudc goi trén Hng $ cudc goi can test.

Hién thi thong tin Kt qua caa cac cac goi da thre hién.

Hién thi log cAc cac goi da dién ra ( @i tir thiét bi nao, thyi gian nao, co &
noi dugc khong, vaia ket thuc chra....)

Xem va xut két qud

Nguoi sir dung co tie xuat két qua ra file excel Bng cach & dung menu File ->Export
MOS Result.

Nguoi dung ding cé tié xem nhanh & qua va bc khaing thyi gian mong mén theo
ting line ling cach & dung menu Result ->MOS Resullt.

3.4.2.3Po kiém chi tiéu t 1¢ cusc goi thiét Idp thanh cong (CSSR)

Thiét Iap

Bwoc 1.

| &) Call_4G Tester

File Result Help

CALLTESTER ; - i
=3 :
Phone seftings Call logging
0 Caller Callee Total called: Called/Total
[sen] © «aGy [+ © |
sores €D =] O+
Ph.number Q1287179326 | 0936482876
Call settings o

Test name

I|1ucbe70811| |s | |5 | |30 ||
e Il Config | | start | | Stop ||
L
Call result "
IC Caller Callee Call_time Start_time Stop_time Release MMote Test name

Data called




Quét céc tHit bi két ndi dén.
Khai bé&o serial vadscha goi twong tng.
Khai b&o serial vadsbi goi tuongang.

Chon ché do test CSSR

Khai bao tén bai testong $ cudc goi test, khang cac gia 2 céc i lién
tiép.

Sau khi khai béo xong thi vao “Configé xac nin ciu hinh.

Thuc hién do

[Ecasetester T T T e

File Result Help

CALL TESTER < - |

fer ]
Phone settings Call logging e

Callee Total called: 5%

2016-11-21 15:10:48 © Metworkiype is HE=~|

Caller
e~ Call numiber is : 1
L) i
- = (@ 4G 3)) CJ 016-11-21 15:10:53 © Metworktype is HS
016-11-21 15:10:54 : Caller is SET_DIA
el‘! G-11-21 15:10:57 ; Callee is ringing

Serial G3fecad2 = 08cToedb = £016-11-21 15:10:59 : Calles is answer(| |

PO16-11-21 15:10:59 ; Caller is SET_AC
PO16-11-21 15:11:14 : Callee is onDiscg

Finanbe 01287179326 | 0936482876 | b016-11-21 15:11:14 ; Caller is SET_DIS

PO16-11-21 15:11:16 | Networktype is HE

[l Call settings PO16-11-21 15:11:20 : Metworktype is LT
Call numberis : 2

Mode test |[CS5SR

= 12016-11-21 15:11:50 ; Calleris SET_DIA
2016-11-21 15:11:52 ;| MNetworktype is HS
12016-11-21 15:11:585; Callee is ringing

/| Testname Total call Duration Hext call in 12016-11-21 15:11:56 ; Callee is answer(
12016-11-21 15:11:56 : Calleris SET_ALC
;!ucbeTZ‘I_‘l_‘l 5 5 30 2016-11-21 15:11:57 . MNetworktype is HS
2016-11-21 15:11:58 | Networktype is HS
= 2016-11-21 15:12:00 ;| Networktype is HE—]
Config | I Start I Stop Han4e 44 94 4549 40 ol i Pt 2=
4] I | [»]
el result
id caller callee call time. . |start time. |stop time. | release’ note C3SR ten bai 1|
639 0128717 (0936482 . |2016-11-... |2016-11-... [2016-11-.. [NORMAL [N/ Success ducbe 2. || |
G40 0128717, (0936482 . |2016-11-... |2016-11-... [20716-11-.. [NORMAL [N/ Success ducbe 2. ||
G4 0128717, [0936482... |2016-11-.. |2016-11-.. [2016-11-_. [NORMAL [N/ Success ducbe 2 __ || [V
G542 0128717, (0936482 . |2016-11-... |2016-11-... [20716-11-.. [NORMAL [N/ Success ducbe 2. ||
G423 0128717, (0936482 . |MN/MA [N R not_comp... [N Success duche 2. . ||

IData called




An nut Startié thuc hién test i thong $ da diu hinhé budc trén.

bén béo ting thai céc goi ( trang, xam : Idle, vangdang thét 1ap cuwc goi,
xanh : cioc goi dang dénra)

Hién thi thtr tw cudc goi trén Bng $ cudc goi can test.
Hién thi thdng tin Kt qua caa cac cac goi da thre hién.

Hién thi log cac cac goi d& dién ra ( @i tur thict bi nao, thi gian nao, co &
noi dugc khéng, vala ket thac chra....)
Xem va xuit két qud

Nguoi s dung co thé xuat két qua ra file excel Bng cach & dung menu File ->Export
CSSR Result.

Nguoi dung ding cé tié xem nhanh & qua va bc khaing thyi gian mong mén theo
ting line ling cach & dung menu Result ->CSSR Result.



3.4.2.4Po kiém ch tiéu tham & mgng 4G

Thiét lap

Bwoc 1.

| £ Call 4G Tester

® 4Gy [¢] ©

ors @ 1 O =

File Result Help

CALLTESTER

Phone settings Call logging

Callee ' Total called: Called/Total

Ph.number 01287179326 | 0936482876
Call settings e
Test name Total call Duration e Next call in
I|iucbe_081‘1| 5 | |s | [20 1

D

O =1~ =1

Call result

Caller Callee Call_time | Start_time | Stop_time Release Mote

Test_name

Data called

Quét cac tht bi két ndi dén.

Khai bé&o serial vadscha goi twong tng.

Khai b&o serial vadshi goi trongng.

Chon clé do test CSSR hix MOS

Khai b&o tén bai testyng $ cudc goi test = 0.

Sau khi khai béo xong thi vao “Configé xac nfin ciu hinh.




CHUONG IV - THU NGHIEM PANH GIA CONG C U PO KIEM
VOI CAC DICH VU TREN MANG DI PONG 4G
(LTE/LTE ADVANCED) T AIVI ET NAM

4.1 Bj bai do, danh gia chit lweng dich vu 4G

4.1.1 Baido ty 1¢ thiét |ldp thanh cong céc goi chiéu di MO CSSR

Piém do, cong thic

a. Call flow
Call flow thiyc hién cwc goi chiéu di (MO):

UE/MS eNodeB BSS/RNS MME MSC 5-GWIPGW| | BGSN

| 2 Optional M Easurement Report !
A 17 58 EEBINATSE T T T 3h) el Signalling connectipn release
® 4. 51-AP. 51 UE CONTEXT RELEASE REGQUEST

Ta. 5uspend fgee TS 23.060%

Th. S5uspend Keguest ¥ Response
8. Update bedrer(s)

9. Paging Regponse

'.::,E’Ia. Establish G5 connection

8. Signalling Connection Release b, COMMECTION REJELCT

| IF THE
I MSC 1S
i
1

8. Lacation Atea Update of Combined Ra/LA Update | HANGED

Hinh 4 - 1 : Call flow tirc hién cuic i chiéu di
b. Cong thirc: MO CSSR= (B/A)*100%.
Trongdo:
+ A la tng 9 lan thyc hién goi dién, diém do A nhr hinh \& trén, xaatinh boi
thoi diém thue hién 18nh i tai dién thaai nhu trén hinh €.



+ B 1a 6ng $ lan thiét lap thanh cong ac goi, diém do B nhr hinh \& trén,
xacdinh byi diém nhan dugc chi thi thdng kénhtu leong trén hinh &.

Thiét 1ap bai do

Piéu kién:
+ Thué bao ch goi lathué badang hat dong binh throng thihc 1 trong 3 nha
mang cin kiém tra i Viét Nam, con tai khan sr dung cho céc goi >60s.
+ Thué bao bgoi 1a 1 $ di dong khacéa nha mang ti nuéc ngoai théc 1
trong 5 qéc gia @n kiém tra, khdng bchan chiéu nhan, nhin cuwce goi binh
thuong.
Th tuc:

+ Thué bao clngoi bam thuc hién cuwc goi cho thué bao ibgoi.

+ Khoang cach dgia 2 cwéc goi >10s.

+ Thyc hién ghi log va théng tin CLIP/CLIR &¢ goi

+ Thuc hién 1500 cic.

4.1.2 Baido thei gian thiét Igp thanh cong cdc gpi chiéu di MO CSSR

Piém do, cong thrc

a. Call flow

Call flow thuc hién cwc goi chiéu di (MO):



LEIMS eModeB BSSIRMS MMWE MEC I5- G P G SGSMN

e - R L L -

1|1 2. Optional M Basurement Report i
1" "3 CCOIRAGS " T3k 3e Slanalling cannection release
] 4 51-AF: 31 LUE CONTEXT EELEABE REGQLIEST

7a. Suspend (see TS 23.060)

Th. Suspend Request F Respohse
g Update bedrer(s)

A 9. Paging Regponse
:l "(y9a. Establish TS connection

' 4h. Signalling Connection Release Qh. COMMECTION REJECT EIF THE
: + » | MSC 15
B 9¢. Location Atea Update of Cormbined RaJLA Update | t CHANGED

b. Cong thirc: thoi gian thét 1ap cwc goi = time(B) — time(A).

Trongdo:
+ A la tng $ lan thuc hién goi dién, diém do A nhr hinh \& trén, xaatinh boi
thoi diém thuc hién 1énh goi tai dién thaai nhu trén hinh €.
+ B la 6ng $ lan thiét 1ap thanh cdng dic goi, diém do B nhr hinh \& trén,

xacdinh i diém nhan duoc ch thi théng k&nhdu leong trén hinh &.

Thiét 1ap bai do

Piéu kién:
+ Thué bao cti goi la thué baatang hat dong binh tlrong thuc 1 trong 3 nha
mang én kiém tra i Viét Nam, con tai khan sr dung cho céc goi >60s.
+ Thué bao bgoi la 1 thué bao ddong khac éa nha mng ti nuéc ngoai
thuoc 1 trong 5 gbic gia én kiém tra, nfin cwc goi binh throng.
Th tuc:

+ Thué bao cingoi bim thuc hién cwe goi cho thué bao igoi.

+ Khoang cach dgia 2 cuc goi >10s.



+ Thyc hién ghi log va théng tin CLIP/CLIR &¢ goi
+ Thuc hién 1500 cic.
4.1.3 Baido ty 1 rét cugc goi DCR

+ S5 miu mé plong 1a 1500 céic, cuic goi co do dai 60s, khang cach dgia 2 cic
goi cung 1 cli goi khéng nkb hon 10s.

Piém do, cong thic

Coéng thirc: DCR = (B/A)*100%.
Trongdé:

+ A la tng $ lan thyc hién thanh céng dic goi, xac dinh ki viéc thiét 1ap
duoc kénh iru lwong, ma thué bao érgoi nhan dugc tir mang.

+ B la tng $ cuwc goi bi drop, xaadinh byi ban tin Disconnectma thué bao
nhian dugc tr mang haic do chinh thué baarmgcho mang. Trong d0, thoi gian
tir diém nhan ban tin Alerting —th &i diém nhan ban tin Disconnect nhb

hon gi& tri thoi gian cugc goi dwerc caidat.

Thiét lap bai do

Piéu kién:
+ Thué bao dh goi la thué baaiang hat dong binh tlrong thic 1 trong 3
nha mng dén kiém tra i Viét Nam, con tai khan sr dung cho céc goi >60s.
Thué bao ch goi nam $ bi goi nam trong ving séngit va 6n dinh déam bao
cudc goi khéng b rot do nguyén nhan phitiu xa.
+ Thué baatu tai khain @ thuc hién cuc goi véi thoi gianduoc caidit (60s).
+Thué bao bgoi la 1 thué bao ddong khac éa nha mng tai nuéc ngoai
thudc 1 trong 5 qéic gia é@n kiém tra, ntin cuwc goi binh throng.
Th tuc:

+ Thué bao cingoi thiét 1ap cuc goi, cudc goi duoc duy tri 60s.



+ Khoang cach dgia 2 cwéc goi >10s.
+ Thue hién 1500 &n, thué bao alngoi thuc hién lai cudc goi sau khi drop
hoac timeout.

4.1.4 Baido MOS

+ S5 miu mé pling 1a 1500 céic, khaing cach gia 2 céc goi cung 1 cli goi
khong nld hon 10s.

Piém do, cong thirc

B
Cong thirc: DCR :27

Trongdé:
+ A 12 tong $ lan thec hién thanh céng ac goi.
+ B la Hng gia ti diém MOS dia cac riu do.

Thiét lap bai do

Piéu kién:

+ Thué bao dh goi la thué baaiang hat dong binh tlrong thic 1 trong 3
nha mng dn kiém tra ti Viét Nam.Thué bao ¢hgoi nam s bi goi nam trong
viing s6ngdt va on dinh dam bao cwe goi khdng b rét do nguy@n nhan phia
dau xa.

+ Thué bao cin goi du tai khain dé thuc hién cwc goi véi thoi gian duoc cai
dat (khoang 15s).

+Thué bao bgoi 1a 1 $ di dong khac éa nha mang i nuéc ngoai théc 1
trong 5 qéc gia én kiém tra, khdng bchan chiéu nhin, nkin cuwc goi binh
thuong.

Thi tuc:

+ Thué bao cingoi thiét Iap cuc goi, phat va ghi am thanh.



+ Khoang cach dgia 2 cwéc goi >10s.

+ Thué bao bgoi thu lai &m thanh va so sankbivam thanh §c dugc phat
di dé phan tichtiém MOS.

+ Thyc hién ghi log va théng tin CLIP/CLIR &¢ goi

+ Thyc hién 1500 &n.

4.1.5 Baido Download va Upload trén ldmg t@n va hing tinkét hep
1 01 UE lock vao LTE DL/UL phién FTP trén g #én.
] 01 UE lock vao LTE DL/UL phién FTP trénarg tin két hop.
] 01 UE quétian 4G
[ S5 lwgng mau>=1000
(] Cac tham & KPI co thé do kiém danh gia:

4+ Luu lugng: Théngrong trung binh DL/UL.

4.1.6 Baido Scan tham 8 mang

[] 02 UE khéas ché @6 LTE thuc hién cuwoc goi dai 30s, thi gian gira 2 céc goi
10s

1 01 UEdé ché do Idle mode lock vao 4G.
] S5 lugng cwc goi >=1000
] Cac tham & KPI co tté do kiém danh gié:

+ Vung phi s6ng: RSRP, RSRQ, SINR
+ Kha nang truy nhp: ty 1¢ thiét 1ap cudc goi thanh céng.



4.2 Két qua do kiém, thir nghiém céng a do 4G
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- Po kiém chi tiéu CSSR
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Call logging
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CHUONG V - KET LUAN & KHUY EN NGHI

Véi sy phét trén cia cong ngh truy nhip mang didong 4G (LTE/LTE Advanced).
Viéc xay drng duoc cdng @ do kiém chit luong mang va dch w 4Gt thiét thuc. Muc
tiéu aia cdng a do kiém nhim thec hién do kiém vadanh gia cac thdongdschit luong
mang va dch w 4G. Cung &p mot cdng @ quan ly, canh béo va phan tich caérvdé
trong mang.

Nham daptng nhu @u cin thiét vé tinh khi dung aia mang va yéu au do kiém chit
lwong dch w mang 4G, cac & thuit luu luong IP trén rang 4G da ty nén At quan
trong, dodd viéc do kiém theo trong ki thuat luu leong & én thiét. He théng phin mém
da xem xétén cac yu t6 sauday:

1) Po kiém, danh gia cac thambschit lwgng mang vo tuygn 4G (LTE / LTE
Advanced) nb: RSRP, RSRQ, SNR, PCI, CelllD.

2) Do kiém, dahs gia cht luong dch wi thaai trén mang didong 4G \6i cac
chi tiéu: Ty 1¢ CSSR, DCR, MOS.

3) Do kiém chit luong dch wi Internet trén rng 4G: Cong ¢ do kiém dadap
rng duoc cAc yéu &u oo ban & do kiém chit luong dch wi Internet théng
qua cac thamés Téc do tai dix liéu trung binh, $c do tai di liéu bi roi,
Packet delay, Packet lossing nhr danh gia o ban mot sb dich w mang
nhue Web loading

4) Kha ning mo rong — ¢ thong do kiém cé khi ning mo rong phu lp Véi
tbc do va kich throc caa mang.

5) Quan ly tap trung: H théng duoc thiét ké va thrc thi theo mé hinh Client —
Server gitp cho nha do tri ¢6 tré quan ly chat lwong mang ki nhiéu diém
trén mang aia minh. K théng cho phép din ly, giam satdp trung.

6) Pam bao do kiém chinh xac va tinay.
7) Do kiém tich arc khéng b anh hrong hyi cac ISP.

8) Viéc téng hop, phan tich @t lwong dr liéu l6n dugc thec hién boi hé
théng, gilp gim thiéu thoi gian phan tich cho ngi quan tri.



9) Dy bao Iru lugng dra trén Kt qua do kiém va miu - bing cach tu gi
nhitng thdng k& ¢ dic tinh mang tr két qua do kiém treée do, cac tai
nguyén cé th duoc sip xép lai, mang co tié duoc ciu hinh hi theo ku
lwong dr bdo, dadd co tke cai thién hiéu ning va QoS &a mang.

Huéng nghién @u va phat tén mo rong tiép theo @a ke théng ptin mém do kiém
gom:

1) Nghién au do kiém chit lugng dch w dangduoc cung ép trén mang.

2) Nang @p cac K thuat do va thr tuc do chit lwong dch w, mang 4G nlim
dapung linh hait theo nhu &u do kiém thuc té trén mang.

3) Phan tich sudn cac fn tin diéu khién nhim xacdinh ré nguyén nhame
cac s kién, phuc vu cdng tacdi vu va nang cao déhluong mang
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