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MO DAU

Trong 20 nim gan ddy véi su phat trién cta nén kinh ké Viét Nam, co s¢ ha
tang do thi tai cac thanh phd phat trién. Cac thanh phd 16n lién tuc duoc md rong.
Dong thoi dan sb tai day ciing lién tuc ting do di dan cua luc luong tré tir cac ving
mién d6 don vé. Céc toa nha cao tang, cac khu do6 thi gdm t6 hop cac thap nha lién
tuc duoc hoan thanh nham muc dich dép img nhu cau cua cac ho gia dinh mai trong
thoi diém gia dat nén lién tuc ting cao. Vi cac dy an cao tang nay, giai quyét duoc
ty 1¢ nguoi sinh séng, lam viéc tap trung vo1 mat do rit cao. Dan dén rat nhiéu kho
khin cho mot s dich vu trong dé co cac dich vu trén nén tang song di dong. Mat
khac, cac du an cao tﬁng tai cac thanh phé 16m 1udn c6 chiéu cao 1én hon nhiéu lan
chiéu cao han ché ciia cot phat song tram BTS ngoai troi. Voi cac cong nghé xay
dung Gmg dung nhu tudng, dim bé tong trén mat san dién tich rat rong di ngin can
hoan toan cac budc song ciia mang di dong, ching khong thé ddm xuyén ciing nhu
cac bup song tét gan nhu khong phu t6i thiét bi di dong dang duoc sir dung phia bén
trong toa nha. Ty 1€ con nguoi (cting nhu ty 1¢ thué bao di dong) tap trung trén dién
tich mat dat cao va vay tin hiéu va dich vu ctia dich vu vién thong di dong khong dat
duogc tiéu chudn dé két ndi thué bao 1a mot van dé can giai quyét cia cac nha cung
cap dich vu di dong cling nhu chu dau tu cta cac du an. T6 hop Hai Phat Plaza ciing
nam trong trudng van dé trén voi quy mo kha 16n véi cac dich vu: Vian phong, Trung
tam thuong mai, nha ¢ va bai giir xe luoén can céc dich két ndi di dong voi chat luong
c4o nhét. Phét sinh ra cac nhu ciu 16n trong d6 c6 nhu cau dich vu sir dung céc thiét
bi di dong két ndi v6i cac nha cung cip dich vu vién thong

Véi muyc dich giai quyét cac vudng méc trén, trong dé tai luan van s& dé xuat
Thiét ké hé thong phu song di dong (IBS: In-building Solution) 4G cho t6 hop Hai
Phat Plaza la budc dau rat quan trong, trude khi tién hanh lip dat Hé thong, nham
dam bao 100% ving ph tai tat ca dién tich mat san, dam bao dung lwong cho du 4n.
Hé théng thiét ké ciing phai dap ng cac yéu cau va tiéu chuan cua cic nha mang
dang cung cap dich vy tai Viét Nam va sin sing mo rong cho cic nha mang méi ciing

nhu cac dich vu maéi.



Cong nghé IBS ra doi khong nhitng giai quyét triét dé nhitng t6n tai ndy ma con
nang cao chat lugng cude goi thyc hién moi lic moi noi bén trong toa nha. Md dau
cho ky nguyén cong nghé Inbuilding 1 nhitng qudc gia tién tién hang dau trén thé
trong linh vuc Vién thong (nhu My, Phap, Puc, Thuy Dién...) da dua cong nghé nay
vao tmg dung va khai thac. Sy phat trién khong ngirng ctia nganh Vién thong di dua
cong nghé Inbuilding 1én mot tim cao méi, hoan thién hon, t6i vu hon. Céng nghé
Inbuilding nhanh chéng di duoc tmg dung rong rai trén toan thé gidi. O Chéu A,
Trung Qudc 1a qubc gia tién phong trong linh vuc sit dung cong nghé Inbuilding dé
pht séng cho tit ca cac toa nha cao tang. Nam 2000 1a mdc xuat phat cho cac qudc
gia nhu Nhat Ban, Han Qudc, Singapore, Indonexia...Nam 2002 cong nghé
Inbuilding da duoc trién khai & Viét Nam, md dau 1a cac khach san sang trong tai cac
thanh phé 16n (khach san NEW WORLD, khach san CALAVEN - Thanh phé H6 Chi
Minh, Thap Ha Noi tai thu ¢6 Ha Noi) Theo cong bd cia nha cung cap dich vu Vién
thong Vinaphonel?, Viettel®!, Mobifone® nam 2019 & Viét Nam ty 1é phu séng di
dong 4G dat ty 1& xap xi 95% trén toan qudc. Piéu nay ¢ nghia 1 cac tdoa nha cao
tang trén toan qudc dugc phu song di dong bén trong toa nha.

Véi giai phap théng qua lap dat cac thiét bi, toi vu ving pht IBS thanh cong
trong viéc da giai quyét duoc van dé chinh nhu: Nang cip dung luong mang, chét
lugng cude goi va mé rong vung phu séng. Véi bai toan dat ra nhu vay, IBS thuc su
la giai phap hoan hio. La mot hé théng hoat dong doc 1ap, hoan toan khong bi anh
hudng boi hé thdng phu séng bén ngoai toa nha, vi mang anten phan phdi tai cac
tang, dwa song di dong dén timg ngdc ngach, gitp cho cude goi voi chat lwong cao
nhat ludn ludn c6 thé duoc thuc hién & moi luc, moi noi. Pong thoi, do tinh chat doc
1ap nén IBS ciing khic phyc dugc ludn tinh trang nghén mang ngoai ¥ muén. Trong
tién trinh hoi nhap, hién dai hoa trén ca nudc nhu hién nay, cung voi yéu cau vé chat
luong cude séng ngdy cang can dugc nang cao, viéc trang bi ha tang co sé hién dai
v6i chat luong cao, ddng bo cho cac cong trinh xay dung thuc su 1a mot viée cap bach

va v0 cung can thiét.



Véi dich vu di dong khong phai don thuan 1a dich vy thoai, tin nhin ma dich vu
data dang 13 dich vu chi yéu. Ty 1é st dung data qua thiét bi di dong bén trong tda
nha noi riéng va di dong noi chung dang dan thay thé cac dich vu c6 day. Voi tng
cong nghé 2G, 3G hién nay trong thiét ké hé thdng phu séng di dong truyén dir lidu
s€ cham khi cung mdt luc co nhiéu thiét bi két ndi, chua phat huy duoc hét cac wu
diém va ung dung IOT cho cac toa nha cao tang. Qua d¢é tai nghién ciru nay, khi Gmg
dung 4G LTE hé thong phu song mang thong tin di dong cho Tb hop Hai Phat Plaza
s giap cho viée két ndi di dong dé dang va tdc do trao ddi du liéu nhanh 1én rat nhiéu
lan. Véi tdc do truyén trén 4G LTE s& cai thién tat ca han ché cia mang thong tin.
Céc thué bao di dong s& sir dung dugc tat ca cac ing dung trén nén tang 4G vai chat
luong t6t nhat. Ciing v6i nghién ciru nay, ngoai cic dich vu ctia nha mang di dong,
hé thong s& duoc sir dung 1am co sé ha tang khong day cho cac hé thong khac nhu
Camera an ninh, hé théng bao chay, bao khoi, thong tin lién lac khac.....

Bé cuc cua luan vin gém 3 chuong:

Chuong I: “Téng quan vé mang di dong 4G”.

Chuong II: “Giai phap phu song di dong trong nha”.

Chuong III: “Thiét ké hé thong phu song di dong 4G LTE cho t6 hop Hai Phat
Plaza”.

Do con han ché vé hiéu biét vé cong nghé va giai phap nén luan van chic chin
khong tranh khoi nhiéu thiéu sot. Em rat mong nhan dugc su gop ¥ ctia cac thay gido,
b gido va cac giang vién ctia Hoc vién dé luin vin dugc hoan thién hon.

Em xin chan thanh cam on céc thay gi&o, cd gido cung toan thé cac giang vién
Khoa Pién tir-Vién thong, Hoc vién Cong nghé Buu chinh Vién thong da gitip d& em
trong suét qua trinh hoc tp. Em xin cam on PGS. TS. Lé Nhat Thang da huéng dan

em trong qua trinh thyc hién va hoan thanh luan van.



CHUONG 1: TONG QUAN VE MANG THONG TIN DI
PONG 4G LTE

1.1 Mang thong tin di dong 4G LTE
1.1.1 Nhu cdu sir dung cong nghé truyén théong khong day thir tw (4G)

Hién nay, sy phat trién manh mé cta nén kinh té cling nhu khoa hoc va ki thuéat
da mang lai nhitng loi ich to 16n cho con nguoi. Mot trong nhitng 11 ich d6 1a sy phat
trién clia cac cong nghé va dich vu vién thong gitip cho nhu cau trao d6i thong tin va
nhu cau giai tri ctia chung ta ngdy mot ning cao. Diéu nay cung voi IOT dan dén SU
BUNG NO SO LIEU, tao nén sirc ép 1én mang di dong truyén thong sir dung cong
nghé khong day thir ba (3G) di dong hién nay phai tién 1én mang di dong truyén thong

str dung cong nghé khong diy c6 tbec do va bang thong 16n hon.
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3,000
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2,500
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1,500 | — — All Video
1,000
—
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Hinh 1.1 Biéu do thé hién nhu cau sit dung mang trén dién thoai thong minh (nguon
Internet)

Truyén thong bang thong rong dang trd thanh yéu td co ban ctia toan bo nén kinh
té, hd tro toan bd nganh cong nghiép, khong chi thay d6i cai cach ma con ngudi lam
viéc ma con thay doi cudc séng cua con ngudi. Khi cong nghé vo tuyén ngay cang
tré nén co ban cia ciu trac ha ting thong tin thé gidi, chung ta phai hiéu xu hudng
clia bing rong trong twong lai... Cac xu hudng cho thdy su ting trudng manh mé cia
Internet ndi chung va cho cac mang bang rong di dong nodi riéng. Theo Cisco luu

luong truy cap bang rong di dong toan cau sé ting gap tam 1an tir ndm 2011 dén nam



2016. Vao cudi ndm 2017, thi truong bang rong di dong toan cau du kién s& bao gdm
hon 5,6 ty thué bao, trong d6 5 ty thué bao s& st dung cong nghé 3GPP, chiém 90%
thi phén.

 Phones il Data Friendy
Smartphones. R Tablet Computers

Voice Calls: Voice Calls: Voice Calls: Web Browsing:

4-11 MB/Hr 4 -11 MB/Hr 4-11MB/Hr 350MB

Web Browsing: Web Browsing: Web Browsing: Met Radio:

20 MB 30 MB 100 MB 140 ME

Email: 20 MB Email: 50 MB Met Radio: YouTube Videos:
70 MB 150 MB
YouTube Videos:  Email: 100 MB
50 MB

Email: 50 MB “high-end
netbooks or
laptops model
about 30% higher

Maonthly Total*

1,900 MB (1.9GB
Hinh 1.2 Ung dung va thiét bi thiic déy sw phdt trién bing théng rong
(nguon Internet)

1.1.2 Swradoi 4G

Véi su tang trudng rat 16n trong viée st dung, cac nha khai thac di dong dang sir
dung hodc xem xét nhiéu cach tiép can dé quan 1y bang thong:

- Thém bang thong rong twong ximg. O Hoa Ky, FCC National ké hoach bing

thong rong cb gang tao ra thém 500 MHz kha dung vao nim 2020;

- Tang hiéu qua st dung pho;

- Két hop loi ich duong 16n vé6i két ndi nha cung cép dich vu duong xubng;

- Céc smallcell va cac mang khong ddng nhat (hetnet)

- Két hop Wi-Fi (wifi offload)

- Gio cao diém

- Chét luong dich vu (QoS).

- Kham pha cac phuong phap méi cho twong lai

Trong dua ra cac phuong phap giai quyét van dé nhu cau st dung dir liéu cua

nguoi st dung, cac nha khai thach dich vy di dong da tang dung lugng mang khong
day, sir dung nhiéu phd (3GHz va 150MHz) mi hoa 4m thanh va hinh anh tét hon.

Dung cac phuong phéap diéu ché va giao thirc mang t6t hon tir nhitng té bao nhé hon



tong s6 mot triéu t& bao. Chung ta ludn ludn co thé tiép tuc ting tai str dung tan sb
khoéng gian bang cach giam kich thudc té bao. Day chinh 1a nén tang cho sy xuat hién
4G LTE dé giai quyét trudc hét va tryc tiép nhu cau khong 16 cua thong tin di dong
va IOT. 4G LTE duogc xac dinh dap tmg mot phan yéu cau ctia IMT-Advanced (Bo
tiéu chuin IMT-Advanced dugc ITU phé chuin tai cudc hop tir ngay 16/01-
20/01/2012 tai thanh phd Geneva, Thuy S$)[*4 va c6 kha niang, thong luong Iy thuyét
vurot qua 1 gigabit mdi gidy (Gbps).
1.1.3 Kién triic mang 4G LTE

Kién tric mang 4G LTE Ia cac thanh phan mang trong c4u hinh kién trac
noi chi c¢6 1 E-UTRAN tham gia. Kién trac mang 4G LTE cho thiy sy phan
chia kién trac mang 4G LTE thanh bon thanh phan chinh: thiét bi nguoi dung
(UE), UTRAN phat trién (E-UTRAN), mang 15i goi phat trién (EPC) va cac

vung dich vu.
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E-UTRAN va EPC dai dién cho cic giao thirc internet (IP) & 16p két ndi.
Pay 1a mot phan ctia hé théng dugc goi 1a hé thdng goi phat trién (EPS). Chirc
nang chinh cta 16p ndy 1a cung cap két ndi dya trén IP va né duoc t6i uu hoa
cao cho muc tiéu duy nhat. Tat ca cac dich vu duoc cung cép dua trén IP, tht
ca cac nut chuyén mach va cac giao dién dugc nhin théy trong kién tric 3GPP
trudc d6 khong co6 miat & E-UTRAN va EPC. Cong nghé IP chiém wu thé trong
truyén tai, noi ma moi thr duge thiét ké dé hoat dong va truyén tai trén IP.

Céc hé thong con da phuong tién IP (IMS) 13 mot vi du tét vé may moc
thiét bi phuc vu ¢ thé duoc st dung trong 16p két ndi dich vu dé cung cap cac
dich vu dua trén két ndi IP duoc cung cap boi cac 16p thap hon. Vi dy, dé hd
tro dich vu thoai thi IMS c6 thé cung cap thoai qua IP (VoIP) va sy két ndi t6i
cac mang chuyén mach cii PSTN va ISDN thong qua cic cong da phuong tién
cua noé diéu khién.

Sy phat trién cia E-UTRAN tip chung vao mot nut, nat B phat trién
(eNode B). Tét ca cac chtrc nang vo tuyén két thuc ¢ do, tirc 13 eNB 1a diém két
thuc cho tat ca cac giao thirc vo tuyén c6 lién quan. E-UTRAN chi don gian 13
mot mang ludi cua cac eNodeB dugc két ndi t&i cac eNodeB 1an cén véi giao
dién X2.

Mot trong nhiing thay doi kién triic 16n 14 trong khu vuc mang 16i 1a EPC
khong c6 chira mot ving chuyén mach-mach, va khong c6 két ndi truc tiép toi
cac mang chuyén mach mach truyén théng nhu ISDN va PSTN 1a can thiét
trong 16p nay. Céac chuc niang cua EPC 1a tvong dwong véi ving chuyén mach
g6i cia mang 3GPP hién tai. Tuy nhién nhitng thay doi dang ké trong viéc bd
tri cac nit chirc nang va kién triic phan nay nén duoc coi nhu 1 hoan tdan méi.

1.1.4  Cdc irng dung hé théng thong tin di dpng 4G LTE

Hé thdng di dong 4G bao gdm rat nhiéu dich vu nang cao ctia hé thng di dong

3G. Tuy nhién hé théng 4G con c6 thé dua ra toc do truyén dit liéu cao hon nhiéu so



v6i hé thdng 3G, do d6 co thé cung cap nhiéu tmg dung yéu ciu toc d6 cao va ning
cao trai nghiém nguoi dung trong khi chi can két ndi qua mot don séng mang [3]. Cac
ung dung cua hé théng 4G c6 thé ké dén nhu: duyét email tdc do cao, cac dich vu
tuong tac nguoi dung thoi gian thuc, cude hop truyén hinh véi nhidu nguoi, cac dich
vu dua vao vi tri nguoi dung, cham séc truc tuyén, xem tivi chuin chét luong cao,
cac tro choi truyén hinh tuwong tac, ...vvitl
1.1.5 Hiéu ning hé thong

Chuan k¥ thuat truyén thong di dong qudc té nang cao (IMT-Advanced) yéu cau
hé thdng 4G dat cac chudn k¥ thuat sau: mang chuyén mach goi giao thtc IP, toc do
truyén dir liéu 1én t5i 100Mbps trong diéu kién di chuyén cao va 1én t6i 1Gbps trong
diéu kién di chuyén thép hodc ¢d dinh, ti wu va chia sé nguén tai cua hé théng, cac
dich vu chat lugng cao, phd tan sd tdi wu, ...vvIH]
1.1.6 Bdc diém phit trién 4G LTE trén thé gii

LTE la giai phap cong nghé truyén thong khong ddy toc do cao danh cho céac

thiét bi di dong va thiét bi dau cubi dir liéu. LTE di dap tng duoc cac yén cu chinh
dang cho mang céc truy cép véi nhirng uu diém noi bat ma véi mang thé hé trude day
chua dap tmg duoc. Vi nhitng truy cap 13 hiéu qua pho tan, téc do dit liéu cao, thoi
gian tré ngan ciing nhu su linh hoat trong tdn sd va bang thong. LTE duoc dua vao
str dung chinh thirc cho cac nha cung cép dich vu vién théng duogc goi 1a 4G LTE.
Trén thuc té thi dé dat duoc mang 4G thi LTE — Advanced moi la tdc do chuan hoa
theo yéu cau IMT-Advanced. Cho dén nam 2017, theo s6 liéu thong ké 4G LTE da
duoc trién khai va lap dat trén 186 qudc gia dé dap ung nhu cau cang ngay cang ting
clia nguoi str dung nhat 13 véi dién thoai théng minh.

1.2 Céc md hinh truyén séng trong IBC
1.2.1 Nguyén Iy truyén séng dién tir

1.2.1.1 Co ché lan truyén séng dién tir

Viéc truyén song vo tuyén trong IBC ciing nhu trong vién théng, bao gom 3

thudc tinh: Phan xa, nhiéu xa va tan xa



Building Building

Feceiver

. (k) Su nhigu xa
(a) Phan xa cla séng Transmitter
wd tuyen

Scattering location

Transmitter (c) Surtan xa

Hinh 1.3 Cdc co ché truyén lan séng dién tir

Phan xa 1a co ché Xay ra khi song dién tir va dap vao vat thé co kich thudc Ion
hon rat nhiéu so véi budc song. Phan xa sinh ra céc song thir cap c6 thé gay nhidu véi
céc song khéac. Tuy nhién, tai phia thu céc tia song phan xa c6 thé gay tuong tac tich cuc
hozc tiéu cuc véi nhau phu thudc vao pha cua chiing. Mot phan ning luong song vo
tuyén bi hap thu hoac truyén qua méi truong khuc xa, két qua 1a séng bi phan xa s& nhiéu.
Trong mdi truong di dong, co ché ndy ¢d thé xem nhu hiéu tng nhiéu tia.

Nhiéu xa 13 co ché xay ra khi dudng truyén song bi che khuat mét phan boi
mot vat thé. Trong trudng hop nay song dién tir dugc xem nhu 1a truyén qua vong
canh cua vat thé dén vang khong gian khdng thudc mién truyén thang tir phia phat.
Trong thong tin vo tuyén, day Ia thudc tinh quan trong. N6 lam ting hiéu Gng che
khuat va khién viéc thiét ké mot hé théng mang di dong vai vi tri tuong déi caa tram

gdc va may di dong ludn thay doi.
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Tan xa xay ra khi mot tin hiéu vo tuyén dap vao bé mat thd hoic mot vat cé
kich thuéc nho hon hoic theo thir tu budc séng tin hiéu. Piéu nay 1am cho nang lwong
tin hiéu s& buc xa ra theo tat ca cac huéng. Tan xa c6 thé duoc nhan biét & bén nhan
nhu 13 mot ngudn séng vo tuyén khac. Cac vat thé nhiu xa dién hinh c6 thé 1a: 46
noi that, cot dén, cdy cbi...

1.2.1.2 Cdc hiéu vmg truyén song

Lan truyén song dién tir trong moi trudng thyuc 1a mot qua trinh phac tap, dé
1a su két hop cua nhiéu co ché lan truyén khac nhau. Tuy nhiéu, né dwoc md hinh hoa
thanh 3 loai hiéu tng co ban sau: Hiéu &ng nhiéu tia, hiéu ang che khuat va lan truyén
qua toa nha va khu vuc giao thdng
a. Hiéu wng nhiéu tia

Hiéu wng nhiéu tia 1a hiéu &ng lan truyén song rat pho bién trong méi trudng
di dong. N6 1a su tong quét cta co ché phan xa hai tia. Trong thyc té, lan truyén nhiéu
tia s& ¢4 hanh chyc cho téi hang tram tin hiéu thanh phan véi bién do va pha ngau
nhién s& dén may thu.

Pay 1a co ché phadinh nhanh, n6 xuat hién khi tin hiéu thu dwoc tir rat nhiéu
duong truyén c6 pha bién doi. Két qua Ia pha s& loai trir nhau mot cach ngau nhién,
gay ra phading nhanh, doi khi rat sdu hodc doi khi bién d6 ting 1én nhiéu lan, xuat
hién véi khoang cach 1a hé sé nguyén lan buéc song.

Phadinh nhanh dugc chia lam 2 loai, do la phading Rayleigh va Racian. Khi
moét may di dong di chuyén qua mot ving pha séng, mdi mot co ché lan truyén sé c6
anh huong tac thoi dén tin hiéu thu duoc.

Néu may di dong c6 mot duong truyén thang téi tram gdc, thi cac co ché lan
truyén khac s& khong gay anh huéng dén tin hiéu thu duoc. Pay 13 phan b cua
phading Racian.

Nguoc lai, néu tir may di dong dén tram gdc khong co dudng truyén thang, thi
cac co ché lan truyén khac nhu phan xa, khic xa 1a dudng truyén tin hiéu chinh dén

may thu. Pay 12 phan bd caa phading Rayleigh.
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N6i chung, ching ta nén xem phading Rayleigh 1a treong hop tdng quét.
Phading Raycian chi 1a treong hop dac biét.

Phading Rayleigh Phading Raycian

Hinh 1.4 Hiéu teng lan truyén nhiéu tia

b. Hi¢u vrng che khuit

Sy thay d6i cham trong suy hao dudng truyén gay ra béi su che chan hoic che
chin mot phan do kich thude 16n cua vat thé hoic dic tinh cua dia hinh. Su che khuét
thay doi cham dugc miéu ta boi mot phan bd khac duoc goi 1a phan bé loga. Do 1a
két qua ctia co ché tan xa trén mot sé céc vat thé, dan toi su thay d6i ngau nhién caa
tin hiéu.
c. Lan truyén qua toa nha va cac khu vue giao thong

May di dong c6 thé di chuyén khap moi noi, trong tdoa nha cling nhu trén céc
phuong tién giao thdng, trén moi néo dudng. Dé dam bao rang cuong do tin hidu du
manh t6i cac may di dong, ching ta can phai tinh toan suy hao dudng truyén khi tin
hiéu xuyén qua céc vat thé. Vi c6 su khac nhau cua vat liéu, huéng truyén, vi tri caa
vat thé nén rat kho cé thé du doan chinh xéac suy hao cho ting truong hop cu thé. Vi
vdy, chling ta phai sir dung cac mé hinh théng ké.

Cu thé 1a ching ta mudn biét suy hao ning luong trung binh cua tin hiéu khi

di qua vat thé. Du doan muc tin hiéu trong toa nha 1a rat phic tap. Mot toa nha 1 sy
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t6 hop cua nhiéu vat can. Co ché lan truyén co ban duoc tng dung cho tin hiéu lan

truyén vao va bén trong tda nha la khic xa.

Wach ngan

Cac site di ddng

Hinh 1.5 Mt méu truyén lan séng vé tuyén trong nha

Mic tin hiéu bén trong tda nha chiu anh huong cua nhiéu tham sé khac nhau.
Mot s cac tham s6 ¢ thé ké ra nhu 1a:
- Goc tdi cua tin higu tir tram gdc t6i toa nha
- Hinh dang cua cira sb
- Pac tinh hép thu va phan xa cua bé mit va tuong cua toa nha
- Su sép Xép, bd tri va dic tinh ctua dd vat bén trong toa nha
- Su thay d6i giira cac tAng so véi vi tri ctia tram gbc
- Lan truyén trong cac hop k¥ thuat, giéng cua thang may
Mic du da c6 mot s6 nghién cau vé truyén song trong toa nha, nhung két qua
lai c6 sy khac nhau. Cho nén hau hét viéc thiét ké phai s dung cac phuong phap
thdng ké dura trén cac phép do thuc té, thay vi xac dinh mot phuong thuc tiép can téng
quat.
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1.2.2 Bdc diém truyén song trong khéng gian tw do

Lan truyén trong khdng gian tu do khi tin hiéu chi truyén trén mot duong (line
of sight), khong c6 su phan xa ciing nhu che chin dudng truyén boi vat thé. Vé mait
k¥ thuat, diéu kién dé c6 lan truyén ty do 1a mién Fresnel thi nhat khong bi che chan
bai cac vat thé.

Néu goi d 12 ban kinh mién Fresnel thir nhat, A 1a budc song caa tin hiéu, D
la khoang cach tir tram phét t6i may di dong, ta c6 cong thirc tinh toan ban kinh mién
Fresnel thir nhat nhu sau:

d = %x//l_D (1-1)

Trong qua trinh tinh toan suy hao dudng truyén, lan truyén trong khdng gian
duoc xem nhu 1a mot mé hinh chuan. Cac mé hinh khac dugc xay dung trén md hinh
chuan nay va c6 ging tim ra mot cach tiép can toi mot gia tri suy hao du doan chinh

xéac hon. Pau tién, bat dau vai cong thire tinh suy hao co ban trong khdng gian ty do:

L= 2 (1-1)

Trong cong thuc nay:
+ d : la khoang cach gitra may phat va may thu

+ A :labudc song

Mign Fresnel thir nhat

g
o o aav il
May di dong

Tram phat

Hinh 1.6 Mién Fresnel thir nhit
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Vid (km) va A déu la tham sd, nén két qua caa phép tinh trén s& 1a mot gia
tri phi khoang céch. Ta viét lai cdng thtc trén theo cac tham sb thudng duoc sir dung
|3 tan sé song mang f don vi 1a MHz va khoang cachvéi A = ¢/ f veic =3.10°

(m/s) 1a van téc &nh sang. Ta c6 cong thic sau:

(Ardf )
L, = L | (1-2)

C

Chuyén doi cong thuc nay sang logarit, ta co:
407
L(dB):2OIg(Tj+20Ig f(Hz)+20Igd(m) (1-3)

Hoac

L(dB) =32.44 +201g f (MHz) + 201g d (km) (1-4)

1.2.3 Cdc mé hinh truyén song
1.2.3.1 M6 hinh truyén séng Okumura

Trong céac ban bao cdo cua Okumura c6 chira mét tap cac duong cong dugc
xay dung tir rat nhiéu céc phép do duoc thuc hién tir nim 1962 dén 1965. Muc dich
ctia né 1a sy miéu ta suy hao va su thay doi cuong do truong dién tir theo sy thay doi
cua dia hinh.

Okumura mudn tinh to4n mét cach hé théng ddi véi céac loai dia hinh khéc
nhau va moéi truong khac nhau. Do vay, 6ng da phan loai dia hinh va moéi truong nhur
Sau:

Dia hinh:

- Dia hinh bang phang: 1a dia hinh ¢ cac vat thé trén d6 c6 chiéu cao trung binh
khong vuot qua 20m.

- Dia hinh bat thudng: 13 cac dja hinh khong thudc dja hinh bang phang, vi du nhu
dia hinh c6 ddi nti.

Moi truong:
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- Khu vgc mo: 1a vung khong gian trong do khong cé cay cao, toa nha
chan ngang dudng truyén séng. Pia hinh thoang dang, khong c6 vat can
nam can duong truyén dén may di dong trong pham vi tir 300-400m. Vi
du nhu khu vuc canh déng, nong trai
- Khu vyc ngoai 6: 1a khu lang x4, duong cao tc véi cdy va nha thua thét. Trong
khu vire ndy ¢6 mot sb vat thé chan nhung khong che chin hoan toan.
- Khu vuc thanh phd: 12 khu vyc ¢6 nhiéu nha cao ting san sat nhau, dn cu dong
duc, cay cdi trong thanh hang sat nhau
Tu d6 Okumura dua ra cong thuc tinh todn suy hao nhu sau:
L =L+ A (1-5)
Trong do:

+A_lahé s6 suy hao dy doan Okumura. A dugce tra qua d6 thi dudng cong

+L . lasuyhao lan truyén trong khong gian tu do
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Hinh 1.8 Puong cong dw dodn suy hao
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1.2.3.2 M6 hinh Hata

Okumura d phan tich cac dic tinh tén hao truyén séng dua trén sé luong 16n
dit liéu thuc nghiém thu dugc & quanh Tokyo, Nhat ban. Ong da chon cac diéu kién
truyén song va thu duoc cac dudng cong ton hao trung binh ¢ khu vuc do thi. Sau d6
6ng ap dung vai nhan té dung cho cac diéu kién truyén song khac, nhu 1a:

- D06 cao anten va tan s6 song mang.

- Céc khu vuc ngoai 6, khong gian ban md, khong gian md hodc dia hinh dbi nii.
- T6n hao nhiéu xa do d6i nui.

- Céc khu vyc bién hd.

- Puong déc.

Hata da xuét phat tir cac cong thirc thuc nghiém vé sy ton hao trung binh dé
khop vai cac duong cong cua Okumura. Nhu vay mo hinh Hata xay dung dya trén
kinh nghiém, dtc rat tr mé hinh Okumura. M6 hinh Hata chuyén doi cac théng tin
vé suy hao dudng truyén c6 tinh hinh hoc caa Okumura sang cong thic toan hoc.

Mo hinh nay dugc xay dyng dua trén suy hao dudng truyén giira cac anten
Isotropic, nhung né ciing xét dén céc théng sb khac nhu chiéu cao cia cot anten tram
BTS, chiéu cao cia anten MS. Pia hinh trong mé hinh duoc gia thiét 1a kha bang
phang va khdng c6 bat thuong.

Cac diéu kién rang buoc caa md hinh Hata:

- Dai tan lam viéc: 150-1500MHz.

- Chiéu cao cua anten BTS: 30-200m.

- Chiéu cao cta anten MS: 1 dén 10m.

- Khoang cach gitta BTS dén MS: 1-20km.

Cong thirc Hata tinh suy hao duong truyén:

L. =69,55+26,16log f_+(44,9-6,55logh )logR -13,82logh —a(h )

Hata
(1-6)
Trong do:
- Dbi voi khu vue thanh phd vira va nho:

- Pbi voi khu vyc thanh phd 16n:
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a(h_)=8.29(logl.54h )*-1.1 f. < 200MHz (1-7)

a(h_)=3.2(log11.75h )* - 4.97 f. >400MH3z (1-8)

- Dobi voi khu vuce ngoai 6:

L paca,surburban = Liaa = 2(109(f. /28))" 5.4 (1-9)
- Pbi voi khu vuc tréng
L patasurburban = Lraa — 4-78(l0g f)* +18.33log f, - 40.94  (1.10)
Bing 1-1 Bing tham sé Hata
Tham so Giai thich Pham vi
f Tan s6 (MHz) 150-1500
hb Chiéu cao cOt anten BTS (m) 30-200
hm Chiéu cao anten MS (m) 1-10
R Khoang cach BTS t&1 MS (km) 1-20
a(h ) Hé s6 hiéu chinh

1.2.3.3 M0 hinh COST231-Walfish-lIkegami

M6 hinh COST 213 la két qua cua qua trinh phat trién va mé rong cac mé hinh
lan truyén song. LAy vi du, mé hinh Hata dugc mé rong dé c6 thé (ing dung vao pham
vi truyén séng I&n tgi 100km, trén dai tan s tir 1.5 téi 2GHz. Pay chinh 12 mé hinh
COST231-Hata. Mot md hinh khac dugc phat trién mo rong dua trén d6 13 mé hinh
COST231-Walfish-lkegami.

Cac md hinh truyén séng ma chung ta da dé cap o phan truéc chi dugc ap dung
cho cac dudng truyén song tryuc tiép tir BTS téi MS. Nhitng mé hinh ¢ dién nay dwoc
trng dung vao céc cell 1én (macro cell) véi chiéu cao Ion cua cot anten BTS. Két qua
1a, ca&c md hinh nay khdng thé 4p dung vao céc hé théng dang duoc trién khai hién

nay, véi duong truyén ngan hon 1km va rat hiém duong truyén thang tryc tiép LOS.
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M6 hinh COST231-Walfish-Ikegami udc lwong suy hao duong truyén trong
moi truong d6 thi, véi dai tan 1am viéc tir 800-2000 MHz. M6 hinh nay duoc &p dung
cho ca duong truyén thang LOS va dudng truyén gian tiép NLOS. Déi voi duong
truyén LOS, mé hinh s& duoc chuyén doi vé lan truyén trong khong gian tu do. Déi
vé6i duong truyén NLOS, mé hinh s& dugc bb sung thém 2 diéu kién vé suy hao. Biéu
kién thir nhat 1 suy hao vé mat, nguyén nhan gay ra boi tin hiéu lan truyén tir BTS
qua c&c mai nha. Diéu kién tha hai gay ra bai suy hao khic xa va tan xa tai cac mai
nha, goc phd noi may di dong dang & do.

C6 3 thanh phan can quan tam dén trong mé hinh 1&;

- Suy hao lan truyén trong khong gian tu do L o
- Suy hao nhiéu bé mat L_

- Suy hao khic xa va tan xa tir mai nha dén duong phé L

Diéu kién &ng dung caa mo hinh 1a cho dudng truyén séng vo tuyén trong khu

vuc do thi

Tan s6 lam viée f_: 800 dén 2000MHz.
- Chiéu cao cot anten BTSh, : 4 dén 50m.

- Chiéu cao anten MS h :1 dén 3m.

- Khoang cach tir BTS dén MS: 20 dén Skm.
Cong thuc COST231-Walfish-lkegami:

[ Lfs + Lms + Lrts

LCOST = %L L

(1-11)

 neu Lms+Lrts <0

Trude khi kiém tra lai cong thirc, chiing ta phai dinh nghia mot s6 tham s6 phu dugc
st dung trong cong thirc.

- Do rong cia dudng phd W (m).

- Khoang cach giita cac tda nha doc theo dudng truyén b (m).

- Chiéu cao ctia toa nha hroot (M).
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- Ahm = hroof — hm ; Ahp = hp - Nroof
- Goc t6i tao v6i chiéu cua dudng phd ¢ (d0).

Céc cdng thuec tinh suy hao chinh:

% Suy hao trong khong gian tu do:

L, =L(dB) = 32.44+20log f (MHz) + 20logd (km)

¢ Suy hao khic xa va tan xa:

L,=-16,9-10logw+ 10log f_+ 20logAh +L .
% Suy hao da bé mat:

L., =Ly, + Kk, +k,logd +k log f —9logb

Céc tham s6 phu trong mé hinh.

Suy hao hudng phé:

~10 +0,345¢ khi 0° < ¢ <35°
L, =42,5+0,075(p — 35)khi 35° < ¢ < 55°
[4,0-0,114 (9 —55)khi55° < 9 < 90°

Bing 1-2 Cdc gid tri ngam dinh cdc tham soé trong mé hinh

(1-12)

(1-13)

(1-14)

(0-15)

Tham s Y nghia Gia tri

Khoang céach gilra cac toanha | 20-50m

Do rong dudng phd b /2
f Chiéu cao toa nha 3m* s0 tang
roo
Goc toi 0

90
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1000 Tl

f— b~ —w]
\ ‘ buildings
bmobile
angle of //
mcrdence

s lnC|dent
wave

Hinh 1.9 Cdc tham sé trong mé hinh Walfish-1kegami

1.2.3.4 Md hinh Motley&Keenan

Cac mo hinh trudc 6 thé ap dung vao hé théng pha séng trong nha nhung do
dic trung ciia moi truong truyén song trong nha phic tap, ciu trdc va vat liéu xay
dung da dang nén sé& chon thém mé hinh truyén séng Montley Keenan vi md hinh nay
xay dung trén co sé thuc té do dac tai hién truong cua tda nha cao tang va duoc ap
dung rong réi khi tinh toan thiét ké hé théng IBC ¢ Viét Nam va cac nudc khéc trén
thé giGi.

Montley &Keenan cho rang ton hao trung binh pl(d) 1a mét ham cua khoang

cach d c6 thé dugc tinh tir ton hao khong giantw do pl . (d) vatir sd cac bue tuong

| gitta Tx va Rx.
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I
plkeenan&montley (d) = ,Ol fs (d ) + Z I—wi

(1-16)
Trong do: Lwi 1a ton hao ciia birc tuong thi i.
Mot cach cu thé:
L,(dB)=32.5+20log f +20logd + kF (k) + pW (k) + D(d —d,) (1-17)

Trong do:
+ L :1a tén hao dudng truyén (dB)
+ f :1a tan s6 (MHz)
+k : sd tAng ma séng truc tiép di qua
+F : hé s6 ton hao cia ting
+d : 1a khoang cach tur MS t6i anten(km)
+ p : 1 s6 birc tuong ma séng truc tiép truyén qua
+W (k) : 1a suy hao tudng thong thuong tir 7dB cho tuong gach thong thudng va
10dB t61 20dB cho tuong bé tong.
+D : hé sb t6n hao tuyén tinh (dB/m)*
+d, : diém ngat trong nha (indoor break point)(m)*
* : 361 v6i khoang cach & trén diém ngat, trung binh cong thém vao 0.2 dB/m.

Trén thuc té md hinh truyén séng Keenan& Montley hay duoc st dung dé du
doan so bd suy hao truyén séng trong nha bai 18 khdng qué phie tap, mé hinh nay c6
vu diém 1a tinh toan don gian, khéng cé nhiéu théng sé phai gia dinh hoic thyc
nghiém. Ngoai ra ciing tir md hinh truyén séng nay, c6 thé nhan thay suy hao truyén
s6ng trong nha phu thudc chu yéu vao sb ting va sé birc trong ma song truc tiép
truyén qua. Két qua do dac thyc té caa cac mé hinh truyén song khac ciing da chi ra
su phuc tap cua truyén song trong mdi treong Indoor va khé md phong mét céch

chinh xac vi két cdu cua cac toa nha 1a khac nhau, vat liéu sir dung ciing khac nhau.
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1.2.4 Cdc mé hinh truyén séng thwe nghiém truyén séng bén ngodi vio bén
trong toa nha

Khoang thoi gian gan day, cong nghé thong tin danh dau su phat trién bung nd
cua céc thiét bi di dong c& nhan ca vé sé luong 1an chang loai. Viéc 1ap ké hoach
mang vién thdng 1 van dé can thiét dé theo kip vai su phét trién nay. Trong thong tin
di dong, cac nha chuy@n mén Iy yéu t suy hao duong truyén tin hiéu trong tda nha
dé danh gia chat luong cho tirng mang di dong. Cac van dé caa mo hinh truyén lan
tin hiéu trong nha rat phuc tap va khac nhau.

Mot cach cu thé, thir nhat, d6 1a méi truong truyén dan 3 chiéu. Bai vi vai mot
khoang cach xac dinh tir BTS toi MS, ching ta phai quan tam téi yéu tb chiéu cao,
n6 phu thudc vao sé tang cua toa nha. Trong khu vuc thanh thi, s& d& dang nhan ra
rang tin hiéu s& co duong truyén thang LOS tir BTS téi MS khi MS dang & cac tang
cao cua tda nha, trong khi néu MS & cac tang thap hay trén phd, duong truyén LOS
rat khé dat dugc

Maximum Allowable
Faln Lose

UE EIRP
Building
4 Panatration
Loss

Hinh 1.10 Truyén séng vao trong toa nha (nguon Internet)

Thi hai, méi truong truyén din bén trong toa nha c6 chaa nhiéu vat can.
Nhitng vat can nay duogc 1am tir nhiéu loai vat liéu khac nhau, c6 vi tri rat gan véi
MS. Vé6i moéi trudong nhu vay, dic tinh truyén lan cua tin hiéu s& thay d6i dang ké so

Vi moi trudng ngoai troi.
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Hon nira ching ta cé rat nhiéu cong trinh nghién ciru vé lan truyén tin hiéu tir
ngodi vao bén trong tda nha, dic biét vai cac dai tan sb sir dung cho mang di dong.
Céc cbng trinh nghién ctru nay duoc chia lam 2 loai nhu sau:

- Loai thir nhat nghién ciru trong méi trudng c6 chiéu cao tram BTS tir 3m t4i
9m va may di dong di chuyén chi yéu trong toa nha cao 1 hoic 2 ting nam & ving
ngoai 0.

- Loai thtr hai nghién ctru trong méi trudng ¢ chiéu cao tram BTS twong
duong véi trong mang di dong té bao va may di dong cha yéu di chuyén trong cac
tda nha cao tang.

Cac nghién cau loai thir nhat xuat phét tir hé thong dién thoai vo tuyén cam
tay vi hé théng nay phuc vu cho mét s luong 16n cac thiét bi cam tay cong suat thap,
c6 ban kinh cell nho (<1km) . Trong hé théng nay, viéc phu séng cho mét tda nha cao
tang duoc thuc hién thong qua rat nhiéu cell nhé nam trong tda nha. P6 1a 1y do tai
sao cac nghién ctu lai str dung chiéu cao caa anten thap, khoang cach tir BTS téi MS
nho hon 1km, va cac phép do duoc tién hanh trong nha.

Trong mang thong tin di dong cellular, anten caa céac tram thu phat macrocell
thuong duoc dat trén méi nha cia toa nha cao tang nén thudng ¢ chiéu cao tir 60 dén
100m so véi mat dat va ban kinh cell 16n nhat cd thé tai 30km. Do vay ching ta khong
thé ap dung cac két qua nghién ctiru cua loai tha nhat vao hé thong nay. Tuy nhién,
cac nghién ciru nay ciing chi ra rang tin hiéu trong cac khu vuc nho nhu trong toa nha
cd phading Rayleigh phan bé xap xi voi phading ham log. Néi cach khéac, ham théng
ké tin hiéu trong toa nha cé thé duoc mé hinh nhu 14 su xép chong cua qué trinh
small-scale (Rayleigh) va large-scale (lognormal)- l1a cac mé hinh truyén séng ngoai
troi cho khu vuc thanh thi. Muc tin hiéu ludn thay d6i theo chiéu cao cua anten va
chiu anh huéng cua sy phan xa tir mat dat.

Céc két qua nghién ctru da dua ra cong thirc suy hao tin hiéu :

L=S+10nlogd (1-19)

Trong do:
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- S lahangsb, S =32.0 voi tan s6 900MHz va S =38.0 véi tan s6 1800
MHz....
- d la khoang cach gitrta may thu va may phat
- N 13 hé sb lan truyén song
1.3 Két luan chwong
Chuong 1 d trinh bay nhu cau va khai quat vé cong nghé truyén thong khong
day thir 4 trong d6 tmg dung trén truyén dan SISO va MIMO. Pong thoi chuong dau
cling d4 phén tich va giai thich cac mé hinh truyén séng IBS dé phuc muc dich nghién

ctru thiét ké hoan chinh hé thong phu song bén trong toa nha
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Chuong 2: GIAI PHAP PHU SONG DI PONG TRONG TOA
NHA

2.1 CAu triic chung ciia hé thong phii séng di dong trong nha (IBC)
Cho dén hién nay, 80% luu luong thong tin hién nay 13 dugc truyén trong céc
toa nha, vi thé chung ta di dén giai doan thiéu pho tan s6 mang tin hiéu. Theo dinh Iy
Shannon phét biéu nhu sau: Dung lugng ctia hé thdng thong tin vo tuyén ti 16 thuan
v6i bang thong cua tin hiéu Bw va ti s6 Tin/Tap (SNR).
C <= Bwlog2(1 + SNR (2-1)

Nham muc dich dé ting dung luong ciia hé thong phil séng di dong trong toa nha can
tang bang thong Bw (phd) cia tin hiéu.
Vi du: Cho mot kénh truyén c6 dung luong 1a 18 Mbps, biang thong ciia kénh 1a 3
MHz. Tin gia trj ti s6 Tin/Tap can thiét ¢ dap tng duoc dung luong nay
18 [Mbps] = 3 [MHZz] x log2 (1 + SNR)
26=1+SNR =64. SNR =64 -1 =63. SNR [dB] = 10log63 ~ 17 dB
GSM900 va DCS1800 cé Bw = 200 kHz. 3G c¢6 Bw =5 MHz. 4G c6 Bw =20
MHz. 5G c6 Bw = 40/100/1000 MHz
Bang cach nao dé khic phuc tinh trang thiéu phd tan s6 nhu thé nay?
Giam tii cho mang té bao Femtocell/Wifi: Dung mang Wifi c6 cip d6 bang thong
rong, vi du nhu chudn 802.11ac (bing thong 1én dén 80 MHz, tan sé séng mang 5.6
GHz).
Sir dung hiéu qua phé tin s6: Chuyén sang thé hé thong tin di dong 4G - LTE (LTE-
advanced). LTE - MIMO. 5G new Radio Sub-6 GHz va tién dén mmWave (27 GHz),
bang thong tir 40/80/100 MHz dén 1 GHz. Hién nay ¢ VN di dugc cip phép 4G ¢
dai tin 1800 MHz — 2100MHz va 2.6 GHz. Con 5G New Radio Sub-6 GHz dang

dugc thu nghiém
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Ting mét dd cac Cell (té bao théong tin di dong): Dung cac cell nho - Small Cell va
dung hé théng DAS - Distributed Antenna System - hé thong phan bd anten (trong
nha, ngoai troi; thu dong va chu dong). DAS - yéu cau dau tu ban dau cao. Yéu cau
vé mang 151 - Backhual (Core) dé két ndi cac té bao Cell va DAS. Sir dung mang C-
RAN (C-RAN (Cloud-RAN), sometimes referred to as Centralized-RAN) - Mang
truy nhap vo tuyén tap trung, hay con goi 1a mang truy nhap vo tuyén dam may.
2.1.1 H¢ thong phii séng di dpng trong nha thu djng
2.1.1.1 Dic tinh cta hé théng

Hé théng dung mot hoac nhiéu ang ten thu tin hi€u tir cac tram BTS duoc
dat tir cac vi tri ¢6 khoang cach khong str dung duoc cac phuong phap truyén
dan bang cap dong hodc cap quang. Sau d6 khi tin hiéu duoc thu lai va sau d6
phan phdi phét truyén qua thiét nhu cap ndi, bo chia... va dugc phat qua dng

ten phat, tin hi¢u s€ dugc gui va nhan téi cac thiét bi di dong.

- Ommi Ceiling
Antenna
CABLE FEEDER 7/8
Directional Ceiling
:PT. 7 Anteana
- [ Dirional Pnc
Antenna

L0 Perion
CABLE FEEDER 1/2 Antenna
i

CABLE FEEDER 1/2 [_ Logarithm Period
Antenna

Hinh 2.1 So dé nguyén Iy H¢ théng phii séng di dpng trong nha thu dong

V6i dic tinh trén nén hé théng phu séng di dong trong nha thu c6 muc
dau tu thap. Chat luong mang dang tin cy va phu thudc vao chit luong cua
tram BTS gbc. Thong thudng céc tram gdc khi dugce tiép tin hiéu cho hé théng
nay phai xy dung va tinh toan dé du dung luong dé tranh viéc nghén mang khi
lwu lwong phat tir tir cac thué bao ting dot bién. Uu diém hé théng nay 1a rat

tiép kiém chi phi bao tri va bao dudng. Hé thong duoc sir dung v6i ngudn cap
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dién dan dung va gan khéng can phai c6 phong may doc 1ap dung 1am noi dé
cac thiét bi trung tam.
2.1.1.2 Thiét bi chinh sir dung
Hé théng dugc ghép ndi boi céc thiét bi thu dong, khong phu thude nhiéu
vao cac thiét bi chu dong, hé théng bao g?)m cac thiét bi:
- Ang ten thu s6ng (Donor Antenna)/ Tram phat song (Indoor BTS)
- Ang ten phat song (Service Antenna)
- B0 chia (Splitter)
- BO chia cong suat khong déu (Coupler)
- B0 gép kénh tan s6 (Combiner)
- Cap dong truc (Feeder Cable)
2.1.1.3 Ung dung hé thong trong thyc té
Do hé théng la hé théng tiép song thu dong hoan toan nén bi gi61 han vé
cong suit va luu luong. Hé thong phu séng trong nha thy dong thudng duoc st
dung dé phu tai cac khu vyc c6 di¢n tich nho ma song tur cac tram phat song
ngoai tro1 khong phu td1 nhu: Toa nha ¢6 dién tich nhd, si€u thi, nha hang, san
chtng khoan, tang ham, khu vyc trién 1am...
2.1.2 H¢ thong phii séng di dpng trong nha chii dpng
2.1.2.1 Dac tinh ctia hé théng
Hé théng phu song di dong trong toa nha chu dong gan twong ty nhu hé
thng thu dong, nhung voi quy mo hé théng 16n hon. Hé théng duoc xay dung
trén co s& voi hé thong DAS véi sé lugng dng ten phu séng nhiéu hon. Hé
théng duoc lép dit mot hodc nhiéu tram BTS cua cac nha cung cép dich vu vién
thong dé dap tmg viéc phu khap song di dong bén trong toa nha hoic cac cong
trinh ngam. Nhitng noi ma soéng di dong duoc cung cip boi tram BTS ngoai
troi khong thé phu téi. Véi tram BTS doc 1ap cung cap tin hiéu thi Hé thdng

cht dong cung cap tin hiéu cho nguoi dung c6 chat luong mang tbt va do tin
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cdu cao. Tuy thudc vao nhu cau va tinh chit cac cong trinh ma nha cung cap
dich vu vién thong s& chu dong duoc viéc thay ddi cAu hinh céc tram BTS dé
pht hop véi cac cong trinh. Chinh vi thé Hé thong chu dong nay chat luong cao
va khéc phuc duoc tinh trang nghén mang do viéc tap trung cac thué bao sir
dung mang vién thong tai mot noi c6 dién tich hep. Déng thoi cling co thé thay

d6i cau hinh thap hon khi nhu cau sir dung cta cac thué bao vién thong giam.

Ommi Ceiling
Antena

Hinh 2.2 So dé nguyén Iy H¢ théng phii séng di dpng trong nha chi dong

Véi Hé thong nay viéc bao dudng va tng ctru nhu thyc hién mot tram
BTS thong thuong ngoai ra phai bao dudng dinh ky hé théng DAS.
2.1.2.2 Thiét bi chinh st dung
- Tram phat song (Indoor BTS)
Ang ten phat song (Service Antenna)

- B0 chia (Splitter)
- BO chia cong suat khong déu (Coupler)
- Cap dong truc (Feeder Cable)
- Phong may gém: Bo ghép kénh (Combiner/POI)
- B0 cong suat (Trunk Amplifier)
- Ngudn (Power)
2.1.2.3 Ung dung hé¢ thong trong thuc té
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Hé théng phu song trong nha chu dong thudng dugce 1ap dit tai cac tod nha
cao tang co dién tich mat san rong hodc cac toa nha co ting cao, C4c cong trinh
nhiéu téng ham, céc dai siéu thi va khac san 1on. ..

2.1.3 H¢ thong phii séng di dpng trong nha lai ghép

2.1.3.1 Dic tinh cta hé théng

Vi toe do phat trién va dic tinh cac toa nha va cac to hop cac toa nha, H¢
théng phu song di dong bén trong toa nha phai dam bao chét luong va d6 16n
dé phu song t6t nhat. Hé thdng lai ghép dugc phat trién dya trén co sé md rong
thong qua truc chinh 14 hé théng cap quang va céc thiét bi quang. Sau cac thiét
bi quanh 1a mot hé théng DAS gém day du cac thiét bi cia mot hé thdng phu
song trong nha nhu mot hé théng chii dong hodc hé théng bi dong. Phan hé
théng s& tuy thudc quy mo cua dién tich phu séng di dong nha cung cép dich

vu s& phat trién hé thong theo quy md tuwong tmg.

Ommi Ceiling
<5 Antenna
CABLE FEEDER /8

Directional Ceiling
n

SPLITER Antenna

[~ Dircctional Pancl
COUPLER I Antenna
P —
] Logarithm Period

MU CABLE FEEDER 1/2 ! Anienna
i

CABLE FEEDER 1/2

= Logarithm Period
Antenna

Diy quang

Hinh 2.3 So dé nguyén Iy H¢ théng phii séng di dpng trong nha lai ghép

Véi hé théng phu song di dong lai ghép sir dung hé thong quang lam
phuong tién truyén din nén da giai quyét van dé han ché vé chiéu dai truyén
dan cua cap dong truc. Tin hiéu vién thong duge truyén tir tram BTS kéo dai

dén hang chuc kilomet va tin hiéu dugc dam bao chat luong nhu ban dau. Véi
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hé thdng nay, nha cung cap dich vu vién thong da tdi vu hoa dugce dung luong
mang.
2.1.3.2 Thiét bi chinh sir dung
- Tram phat song (Indoor BTS)
- B0 1ap quang (Fiber Optic Repeaters)
- Cap quang (Fiber Optic Cable)
- Cap ddng truc (Feeder Cable)
- Ang ten phat séng (Service Antenna)
- B0 chia (Splitter)
- BO chia cong suat khong déu (Coupler)
- Cap dong truc (Feeder Cable)
- Phong may gom: Bo ghép kénh (Combiner/POI)
- B0 cong suat (Trunk Amplifier)
- Ngudn (Power)
- Phong may gom: B ghép kénh (Combiner/POI) ngudn (Power),
Master Unit
2.1.3.3 Ung dung hé thong trong thyc té
Vi diém manh 12 khong qua han ché vé mo rong va chii dong duoc dung
luong mang, hé thong lai ghép hién duoc tmg dung rat nhiéu dy an phu séng di
dong dic thu trong d6 ¢6 du an phil song toa nha Hai Phat. Hé thong duoc ap
dung cho céc toa nha dién tich 16n, khu d6 thi, khu cong trinh ngam khong gan
ké nhau, tuyén ham duong bd hodc vuot song....
2.1.4 H¢ thong phii séng di dpng cdp do
2.1.4.1 Dac tinh ctia hé théng
Véi mot s6 ddc tinh cong trinh ¢6 pham vi phi séng chiéu rong hep
nhung c6 chiéu dai kéo t6i hang nghin kilomet, nhung phai yéu cau ving phu

song han ché giao thoa séng. Pong thdi, bén trong ving phu 6 céc thiét bi va
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thué bao di chuyén véi toc do cao thi can phai c6 phwong phap phi song rat dic
thi. Hé thong phu song di dong bang cap do (Leaky Cable Distribution Cable)
gdm cac thiét bi phu song nhu hé théng phu song lai ghép nhung ngoai cac dng
ten phat song, hé théng st dung cac soi cap do co cong dung nhu nhiing dng
ten phat va thu tin hi¢u tir cac thiét dau cudi. Cac soi cap do s€ trai dai theo cac
tuyén phu song trong pham vi hep. Voi giai phap nay, nha cung cap dich vu
vién thong sé tiét kiém dugc nhiéu chi phi dau tu, 1ap dit va bao dudng dé dap

ung duoc dieu kién phu song dua ra.

——
rowrnse
‘ r 1 -
= Ly cans

TR

Hinh 2.4 So dé nguyén Iy H¢ théng phii séng di dpng cdp do

2.1.4.2 Thiét bi chinh sir dung
- Tram phat song (Indoor BTS)
- B0 lap quang (Fiber Optic Repeaters)
- Cap quang (Fiber Optic Cable)
- Cap ddng truc (Feeder Cable)
- Céap do (Leaky Cable)
- Ang ten phat séng (Service Antenna)
- B0 chia (Splitter)
- BO chia cong suat khong déu (Coupler)
- Cap dong truc (Feeder Cable)
- Phong may gém: Bo ghép kénh (Combiner/POI)
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- B0 cong sut (Trunk Amplifier)
- Nguén (Power)
- Phong may gom: B ghép kénh (Combiner/POI) ngudn (Power),
Master Unit

2.1.4.3 Ung dung hé thong trong thuc té
Véi tinh ning duoc xdy dung trén co sé nhu cau st dung cla cic tuyén
duong ham trong 1ong dat, nén hé thong phi séng cap do duoc tng dung trong
cac tuyén giao théng nhu: Tuyén tau dién ngdm, duong ham xuyén nui, duong
xuyén bién va cac tuyén duong cac xa cac tram BTS nhu tuyén cao téc qua

vung khong c6 dan cu, duong tau hoa...

Hinh 2.5 Mé hinh irng Hé¢ théngphii song di dpng cdp do trong mét doan dwong him
(Nguon: Slide trinh dién ciia chuyén gia hang Fiberhome)

2.2 Thiét bi do truyén lan RF dung trong khao sat thiét ké hé thong
phi séng di dgng trong nha
2.3 Cac tham s, thong so chi tiéu cin thiét dé thiét cho hé thong phi
song di dong 4G LTE trong nha
Trong qua trinh thiét ké hé thong phu song di dong 4G bén trong toa nha
can tuan thu mét sb diéu kién co ban. Hé théng phai dam bao viéc phu song

cho toan bd cong trinh thiét ké ké ca cac noi ma nguoi st dung di chuyén ra
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vao. Cac thué bao vién thong chi dugc phil vu boi song ciia tram BTS bén trong
cong trinh (Cell Inbuilding). Viéc chuyén dbi (hand over) giira BTS bén trong
va BTS bén ngoai (Cell Macro) phai dugc thyc hién ngay khi nguoi st dung di
chuyén ra ngoai cong trinh dugc pha séng. Mot van dé quan trong tuy khong
thé kiém soat trong van dé thiét ké, nhung trén thuc té, phu thude vao viéc bd
tri thiét bi cling nhu dau nbi dan dén viéc gy nhiéu. Do vay, hé thong phu song
di dong 4G LTE, sau khi hoan thién s& lam gay nhiéu giita cac Cell Inbuilding,
gitta BTS bén trong toa nha v&i BTS bén ngoai. Hon nira, trong cong trinh cO
nhiéu nha cung cip mang dich vu vién thong s& khong gay nhiéu 1an nhau va
gay nhidu giira cac thiét bi cong suat nhu Amplifier.
2.3.1 Chi tiéu viing phit hé thong phii séng trong nha 4G LTE
Hé théng phu séng di dong 4G LTE dap ung duge trong mot thoi diém

tin hiéu thu phat phai dugc phuc vu bdi mot Cell duy nhat ndm bén trong cong
trinh, mic du thiét bi thu phat cua ngudi st dung ¢6 nim trong ving giao thoa
cta hai hay nhiéu Cell thudc bén trong hay bén ngoai toa nha. Viéc bd tri dng
ten va cong sudt phat song mang 4G LTE trong thiét ké ludn tuan thu tin hiéu
cua tram BTS bén trong cong trinh 1am sao luén khoé va mang hon tin ctua céac
tin hiéu ctia tram BTS bén ngoai. Mt t6i thiéu dé dat dugc 1a 5-6dB. Dé dap
g duoc nhu cau va toc 6 cho mang 4G LTE, yéu cau cudng d6 khi thiét ké
hé théng va chat luong tinh hiéu 16n hon hodc bang 95% ving phu. Vi vay
dam bao tin hiéu cho mot s6 khu vuc trong thiét ké hé théng can kiém soéat murc
thu cho phép nhu: khu vyuc ting ndi c6 mirc thu RSRP >-95dBm, cau thang
may miurc thu RSRP >-105dBm, mat san rap ngoai cong trinh mirc thu RSRP >
-110dBm ..
2.3.2 Chi tiéu thiét ké bing tin cho hé thong phii séng trong nha 4G LTE

Khi thiét ké hé thong phtl sdng ngoai cac yéu t6 lién quan dén dia hinh va

tinh chat cua cong trinh du an lién quan dén vung phu, vi¢c lya chon thiét bi
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dat cac tiéu chuan bang tan dd dugc cAp phép cho cac nha dich vu vién théng
tai Viét Nam 1a rt quan trong. Pay la chi ti€u cho thiét bi dé chuan bi cho viéc
san sang dau ndi hodc nang cap cho hé thong phi séng 4G LTE cho hién tai va
tuong lai. Dya trén co s& bang tiéu chuan di duoc cong bd, don vi thiét ké lya

chon cac thiét bj ndm trong dai tan theo bang nhu sau:

Bing 2.1 Ddi tan cho thiét bi phii séng di dpng trong nha 4G LTE (Nguon Viettel

Network)
Band 3GPP Frequency (MHz)
band
700Mhz 28 DL: 758 — 803
UL: 703 — 748
900 MHz 8 DL: 925 — 960
UL: 880 — 915
1800 MHz 3 DL: 1805 — 1880
UL: 1710 —-1785
2100 MHz 1 DL: 2110 -2170
UL: 1920 — 1980
2300 MHz 40 2300 - 2400
2600 MHz 7 DL: 2620 — 2690
UL: 2500 — 2570

2.3.3 Chi tiéu nhiéu uplink RTWP
Pam bao cho tin hiéu truyén 1én tir thiét bi vé tdi tram gdc, trong thiét hé
phai tinh todn dé sao cho tong cong suat nhiéu duong 1én trén kénh song mang
do trén PRB cua toan hé thong phai dap tmg chi tiéu RTWP duoc dua ra theo
yéu cau ctia nha mang. (RTWP<-115dBm)
2.4 Két luan
Chuong 2 di tim hiéu tong quan vé hé théng phi song trong nha va cac tiéu chi

ti€éu phu song di dong bén trong toa nha.
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CHUONG 3: THIET KE HE THONG PHU SONG DI PONG

4G LTE CHO TO HQP HAI PHAT PLAZA
3.1. Gi6i thiéu dy 4n Hai Phat Plaza va yéu cau chit lwong phii song 4G LTE

Hinh 3.1 Quy mé dw dn Hii Phdt Plaza (Nguoén: haiphat.org)

T6 hop Hai Phat Plaza duoc xay dung trén tong thé dién tich mat bang 3,5
ha voi cac khu biét thy, nha lién ké va khu nha cao tAng voi nhiéu tién nghi
dinh kém. Khu nha cao ting gdém hai thap cao 25 tang ndi va 3 ting him duoc
thiét ké phuc vu cho ba dich vu chinh gom:

- Nha 0, can ho cho thué, khong gian da nang (tir ting 07 dén tang 25).
- Bai dé xe (tai 03 tang ham).
- Trung tim thuong mai va vin phong 1am viéc (tir tang 01 dén tang 06)

Voi téng dién tich mat san xép xi 180.000 M2 va dy kién phuc vu cho dan
sb tir 2600 nguoi trd 1én, chua tinh $6 luong nguot vao lam viée va mua ban
trong khu vyc trung tdm thuong mai
3.2. Thiét ké hé thong phii song 4G LTE cho du 4n Hai phat Plaza
3.2.1. Khdo sdt co bdn
3.2.1.1. Khdo sat mdt bang phdn bé cdc tang

Trén co so ban thiét ké mit bang dién hinh cac ting da dugc chu dau tu 1a

Cong ty Dau tu Hai Phat phé duyét, can bo khao sat s& dung cac thiét bi dé kiém
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tra va so sanh chét liéu xay dung thuc té va ban v& ciing véi cc bién ban hoan
cong. Sau d6 s& cap nhat chi tiét cac thong s6 nhu do day cta tudng, kich thudc
cac cOt va dam, nguyén liéu xdy dung, chat liéu ctra.... 1én trén bang thong sd
dé cap nhat vao phan mém thiét ké. Coéng cu khao sat gdbm:

- Thudc do khoang cach Boss GLM 50 Professional

- May anh k¥ thuat s6 Canon Ixus

Viéc kiém tra ngdu nhién khoang cach giira cac birc ctia cong trinh cling

duoc thuc hién. Trén thuc té, can bd khao sat da thuc hién khao sat toan bo mat
bang cua du an. D 4n duoc phan 1am ba miat bang dién hinh véi cac cach bd tri
tuong ngan va tuong bao hoan toan khac nhau géom mit bang tang ham, khu
thuong mai va khu cin ho. Véi timg dic thu khac nhau cta timg tang, khi thiét ké
theo nguyén 1y mé hinh truyén séng (nhu moé hinh Motley&Keenan) sé tinh toan
duoc mirc suy hao (phﬁn mém thiét ké ctia iBware tu dong tinh) dé quyét dinh vi

tri ang ten dé dam bao dai tan song mang cho mang 4G LTE 14 t6i wu nhat.
i) i P EEE §E TEEAEE, AEak, AEa
CEe e e 2 ek
; i 5 ,,,.,,J:H T "3 ‘ E TPRE T
TR

T O e EFTET T

.’j@}' = e 2] ' N ‘ ‘
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Téng 22 thap A, thip B

Tang him B2

Hinh 3.2 Bdn vé mdt hinh dién hinh ciia dw dn Hdi Phdt Plaza
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Bing 3.1 86 liéu khdo sdt kich thuwéc va nguyén vit liéu xdy dung ciia dw dn Hdi Phdt

Plaza
STT Ky hiéu Tén VL Chat lieu | Kich thudc
mm
1 ] Tuong bao 1 Gach xay Day: 150
2 ] Tuong bao 2 Gach xay Day: 250
3 ] Tuong chiu lyc | Bé tong cot | Day: 350
thép
4 Cot chiu luc Bé téng cot | 10002000
thép
5 Tﬁ? Cua Go ép Day: 70
6 | , ! Ctra kinh Nhom kinh | Day: 8
7 %i? Thang may Vat liéu long | 2000x2000
- thé
" p
!

Can clr vao khao sat thiét ké cua té)ng thé toan bo du an duoc xay dung trén

mot dé gdm 2 tang ham va 5 tang ndi. Tir tAng 6 trd 1én ting 25 14 hai thap doc

1ap va khong thong véi nhau

Bing 3.2 86 liéu khdo sdt dic tinh ciia cdc tdng dién hinh toa nha

STT Tang Chiéu dai Chiéu rong Ghi chd
1 |Ham 1,2 Tir 48 mét dén 60 220 mét | C6 cot khong tudong
met
2 | Tangdé 1-5 24,6 met 117 meét Tuong ngan di
dong
3 | Tang noi 6-25 24,6 mét 117 mét Co tuong gach chia
phong
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Du 4an duoc thiét ké gé)m 26 thang may duogc bd tri tai 7 vi tri trong do
c6 hai vi tri 13 thang may bd tri trong hd thanh bao boc boi tudng bé tong. Mot
vi tri thang mdy & ngoai troi
Két luan ctia can bod khao sat mit tu van cho ph?ln thiét ké:

- Tang ham st dung céc dng ten c6 huéng do phu rong c6 do gaint 16n nhur:
ang ten xuwong ca (ang ten Log-periodic cong suat 11dBm), dng ten cong
suat 16n 14dBm (dé XUAt sir dung cép, ang ten, bd chia, dau ndi cua hang
Rosenbeger)

- Tang dé st dung ang ten vd hudng (dng ten Omi cong suat 3~5dBm) co
mat d6 vira phai phan b dong déu

- Tang ndi str dung ang ten vo hudng lap theo doc hanh lang, tuy thudc vao
dién tich timg can ho sé& lip tir 1 dng ten phia trong cin ho.

- Tai cac hé thang may va thang bd 1an luot 5 tang 1ap mot dng ten dua tin
hiéu theo mdt huéng Log-periodic

3.2.1.2. Khao sat tin hiéu mirc thu phia bén trong dy an tir BTS bén ngoai

4G LTE duoc coi la mang c6 tbe do két ndi mang vién thong khong day.
Mang 4G LTE c6 toc dd vuot trdi va c¢d khoang cach khac biét so véi cac thé
hé trude ddy. Cong nghé 4G LTE c6 thé tai dir lidu dat tc do 5-12 Megabit/gidy
va dap tng rat nhiéu nhu cau ctia nguoi s dung mang vién thong. Dé t6i uu
hoa dich vu 4G LTE cho du 4n Hai Phat Plaza nguoi thiét ké can phai khao sat
va kiém tra cac dich vu nhu: Chat lugng tin hi¢u phuc vu 4G LTE, luu luong
truy nhap vat Iy duong xudng cho ting goéi tin ctia tram BTS bén ngoai. Qua do
nguoi thiét ké méi co thé thiét ké hé théng phu song di dong bén trong toa nha
4G LTE cua du an dat dugc tde do két ndi bang thong rong vai tbc do toi da,
song s& dugc phu khap cac khu vuc bén trong du 4n.

Hién nay, cac ba cung cép dich vu vién thong 16n 1a Viettel, Vinaphone,

Mobifone di trién khai day du dich vu 4G LTE trong d6 di chuyén d6i mot
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phan dich vu voice sang 4G LTE. Nha cung cip dich vu vién thong Viettel dang
trién khai pha séng trong nha ngoai viéc sir dung bang tan 1800Mhz va dang
tiép tuc str dung bang tan 2100MHz. Trong twong lai gan, thi ba nha cung cap
dich vu s€ bo hoan toan cong nghé¢ 2G va giam bdét dich vu trén nén cong ngh¢
3G dé tap trung toan bo cho 4G LTE. Pé thuc hién cho viée khao sat chat lugng
truyén tai dir liéu 4G LTE cho dy 4an Hai Phat Plaza, chung ta s& lay tin hiéu
4G LTE cua mang Viettel dugc thu tin hi¢u tir cac tram BTS bén ngoai da duogc
lap dat xung quanh. Dé thuc hién cong viéc nay, ngudi thuc hién khao sat can
chuén bi:

- Thiét bi do: mot bo may do gdm 06 may Tems Pocket version 16.1.4.34

- Yéu cau tang do: Khu vyc tang ham s& do dién hinh tang ham B1, khu vuc
tang dé s& do 2 tang dién hinh 1a ting 1 va tang 5, Khu vuc dién hinh tang
ndi s& do 3 tang tai hai thap 1a tAng 9, ting 18 va tang 24.

- Khu vuc do kiém tai mdi ting: nguoi khao sat thuc hién di chuyén theo cac
tuyén 1am sao dam béo céc thiét bi do tiép cin cac vung bién sat toa nha va
trong tAm clia cac tang.

- Léy mau do: Véi dién tich mot mit san ctia du 4n Hai Phat Plaza trung binh
khoang x4p xi tir 3000m2 dén 10.000m2 (chi la dién tich mat san ting him
moi dat duoc dién tich gr:fm 10.000m2), chting ta s€ chon 100 mau do kiém
tai moi ting dién hinh d¢ lay s liéu bao cao. Chiing ta uu tién ldy mau tai
cac ving bién con cac khu vuc bén trong sé 1dy ngau nhién.

Pé quyét dinh chon loai dng ten va dit vi tri ang ten bén trong toad nha
cho ting khu vuc tai cac ting ctia du an Hai phat Plaza. Viéc ngudi thuc hién
khao sét can ctr va yéu cau ciia nha mang Viettel s& lya chon do kiém chét luong
cua cac song 4G LTE duoc phat tai cac tram BTS dat xung quang du an 1a budc
can va du trong qué trinh thiét ké. Py ciing 1a chi sé 1am tiéu chi dé so sanh

trudc va sau khi 1ap dat hé thdng va phii song mang 4G LTE. Chung ta sé& lua
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chon bon chi s6 co ban trong qua trinh khao sat va do kiém nhu sau: Cong sut
tin hiéu thu RSRP, Chat luong tin hiéu thu RSRQ, va toc do dir liéu duong lén
(UL) va duong xudng (DL)
* RSRP (Cdng sut thu Reference Signals Received Power) do mirc cong suat
nhan duoc trong mang di dong 4G LTE. RSRP duoc tinh bang trung binh cta
cac muc cong sut thu dugc trén tit ca cac tin hiéu chuan trong toan bo bing
tan do kiém.

RSRP(dBm) = RSSI(dBm) — 10 * 1g(12 = N) (3-1)
Trong do:
+ N: s6 RB (Resource Block) khi RSSI duoc do kiém, va tham s nay phu
thudc vao bang thong.
+ RSSI (Received Signal Strength Indicator): 1a muc tin hiéu thu), 13 tham s

cung cap thong tin vé tong cong suit thu duoc (trén toan bd cac tin hiéu) bao

gom ca nhiéu. RSSI duoc do kiém trén toan b bang thong!®l.
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Bing 3.3 Chi sé bang mau RSRP

RSRP (dBm)

0+-75

-75 + -85

-85+-95

Chi thich mau

Két qua

RAt tbt

Tét

Trung binh

-95 +-105

-105 +-120

<-120

Yéu

Rét yéu

Khong st dung duoc
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* RSRQ (Reference Signal Received Quality) cung cip cho UE céc thong tin
can thiét vé chat lugng tin hi€u cua cac cell, viéc do kiém tham sb RSRQ tro
nén dic biét quan trong & phia bién cua cac cell, khi can quyét dinh c6 thuc
hién viéc chuyén giao t61 moét cell khac. RSRQ chi dugce sir dung trong trang
thai CONNECTED cua UE.

RSRQ duogc tinh toan theo cong thirc:

RSRQ=  BEE nppp) (3-2)
RSSI
Trong d6, NPRB 14 s6 Physical Resource Blocks(PRB) khi RSSI duoc do kiém,
thong thuong né bang véi bang thong hé thong.
RSRQ trong 4G LTE 1a mgt tham s6 duoc st dung cho vi¢c do kiém chat lugng
mang trong mang 4G LTE. Theo ETSI TS 136.133 khoang gia tri cua RSRQ
dugc dinh nghia trong khoang tir -34 dB cho t6i 2.5 dBH!

1
Swk b DWAs-« 99N DDDENMN 90 36 [Be00C000[5 |©
Simport GI5 @ Refresh Propt Ut 40 @b

* S Map View =
o ﬂ““‘;""'"; Bl | @ covowsnn: 36 RRQS < B ¥ X Onnetap: e VHgwsO¥ X @%-0 EE R
06 2 S

g
@-
P

s Carr

<

>
Ebpiorer  Slegend | &rProjectr| x: 229, v: 1275 s s 15601551 " T LY

Hinh 3.6 Céng suit tin hiéu thu RSRQ ting him Bl



Vostoa @)

soesso @ | cumrser @] | oason/sm {1 ] ouswmoa |

R FIECEEEEE

43

S0% 48 [Be00000[ 5

ao

& ostesst P cols [ GIS{Coverage Map
Yo Q- ERBDO 2O
= 6Tt
9 2) i W e v
2] Adarcd & et (s )

g
i
§
i

LTE Moddstion POSCH
LTE Modbdation POSCH (CA)
"

(Ops)
4§ LTEPHY Theougbout POSCH Per Carrier
 § LTEPHY Theougpout PUSCH
@ B LTERUSOIBER
@ ) LTERACH Summary ifo
£/ LTE Resource Blocks - POSCH

5
3 Servin Col Ok Patioss Carrie 1 (65)
3 Servm ColRSRP (6Bn)

3 Serven CAARSRQ ()

3 ServigRsst (dtm)

3 TotalRS power dim)

LTE Serveqfinra-Freq gt Cols

Ebplorer S A Propesties

23 map view

oo

il © confiorason: |<how>

B W] X | Onkneta: [Bnotiap

Vio=o0¥ xa%-0 b HE-

3

F a7

%2213, v: 68

Iage ses:

I FOSCH Phy Throughost (kbps)

1355981 "

000 kpbs @) (777%)
(s55) (20.84%)
(1950) (46.73%)
(504) (16:24%)
(13) (042%)

Hinh 3.7 Céng sudt tin hiéu thu RSRO ting 1

Fle Vews Tods

A

<
Ebxplorer  Slegend |

Confiquaton Stttk Help
Wakk-Through

OEAls-sFudn SODEEEE
* Mot @ - oot GIS @ Refresh ot st 0 @ relp

BO% 2% [He00000[5 |

12 Romen_ThietKe
B
x

i
-

LTECQE Information
@ 4§ LTE CQl Suneney
% 4§ LTELL Cel Information

§ LTE POSOHBLER '

5 RS SPR Carrer 1(68)

3 Serving Col 0 Pathioss Carrier
3 Serving Cel RSR (dm)

3 Serving Cel RSRQ ()

3 Serving RSS1 (dem)

3 TotalRS Power (d8m)

LTE Serviinra-FreaNeighbor C

Testig Device Informaticn
Tik (0.5 second) v
>

/5] Map View

il @ | confiowation: |46 RRQS

| B ] X | onineMag: [Bnghiap

v sl G el

¥ xa%-o s HET

Yy % a e

Project Pr._.| 700, Y: 43

I |

" e
I

T 1

@ Serving Cell RS3Q (¢8)

19) (s489) (657%)
54) (3423%)

§[aMa) @ (%)

4

0
i
!
E
|3 HO

=l d|

Emage sis: 1560:951 "

Hinh 3.8 Céong sudt tin hiéu thu RSROQ ting 18

* Toc do dir liéu 4G LTE: dugc chia lam hai téc d6 1a do duong 1én upload

(UL) dugc tinh trung binh kbps trén co so tong dung luong theo kilo bite tai

Ién trén tong sb thoi tinh theo gidy (s) tai 1én. Tuong tu nhu tinh téc do tai
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xudng download (DL). Can ctr vao téc d6 dir liéu 4G LTE hién tai so véi tiéu
chuan IMT-Advanced s& dugc thé hién theo tiéu chuan danh gia & cac muc

khac nhau
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Hinh 3.10 Toc d¢ dir liéu 4G LTE ting 1
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Bing 3.4 Chi s6 bang mau téc dp dir ligu 4G LTE DL va UL

Thr%:glizﬁ (i‘bg:; Chi thich mau|  Két qua
> 10000 kbps Rét tot
5000 + 10000 kbps Tét
1000 + 5000 kbps Trung binh
500 + 1000 kbps Yéu
0 + 500 kbps Rét yéu
no throughput Khoéng str dung duoc

Trén co so do kiém thuc té 4G LTE cua nha cung cap dich vu vién thong
Viettel vé Cong suét tin hiéu thu RSRP, Chat lugng tin hiéu thu RSRQ, va toc
d6 dir liéu duong 1én (UL) va duong xudng (DL), tai mot sb ting ciia dy an Hai

Phat Plaza. Qua thong ctia ban d6 phd duoc tai xudng tir cac may Tems Pocket
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thi chét luong tin hi€u va cong suét tin hiéu thu khong dam bao phuc vu cho
cac thué bao di dong Viettel tai du an nay. Chi c6 mdt ) vung bién ¢ cac téng
ndi méi dat duge chat lugng trung binh con phia bén trong chat luong rat toi
nhét 13 cac khu vyc trong tdng him va cau thang may. Theo lya chon méu thi
ty 1& dién tich c6 cong suat tin hiéu thu RSRP ¢ cong sudt thu <-105 dBm
chiém dén 80% dién tich mit san cua du an. Tc do tai lén va xuéng dir liéu 4G
LTE trung binh ctua dy an rat thép ctia du 4n rat thép, chi c6 15% dién tich san
(gan nhu chi ndm ¢ ving bién) dat dugc tdc d6 1000kbps dén 10.000kbps con
lai chi nam & ngudng dudi 1000kbps vdi toc d6 ndy rat thap so voi yéu cau clia
nha cung cép dich vu Viettel

- Két luan: Trong qua trinh thiét ké hé phu song 4G LTE can chu trong toi
viéc tinh toan cong suat phat tir hé thong an ten trong nha dé phu hop véi
hi¢n trang chét luong va cong suét tin hién cta cac tram BTS & bén ngoai.
Tranh truong hop thiét ké thiéu ving phi hodc bo sung nhiéu thiét bi phu
song gy thiét hai nhiéu cho chi phi dau tu.

3.2.1.3. Dé xudt thiét ké hé thong phit séng di dong 4G LTE cho du dn Hdi
Phat Plaza

Qua khao sat va phan qua céac chi sb can thiét ma dwoc nha cung cap dich vu vién

thong Viettel khuyén cdo. Cung vdi nhu cau su dung dich vy va chat lugng dich vu

vién thong di dong. Dé xuét thiét ké hé théng phu song di dong 4G LTE voi nhiing

diéu kién nhu sau:

- Vi dién tich mat san trai rong, viéc cap tin hiéu tir tram phat dé cac dau ang ten
kéo dai dén diém xa nhat phai dén vai trim mét. Hé thong thiét ké dugc dung giai
phap lai ghép v6i hé thdng truc chinh 1a sir dung cong nghé quang sau d6 dugc
phan phdi qua hé théng cap ddng truc bang dong (dé xuat sir dung thiét bi quang
gém MU, RU ciia hing Comba).

- V6inhu cau thyc té ciia nha mang, va diéu kién tai chinh dau tu khong cho phép

chi phi 15, dong thoi tiét kiém chi phi van hanh cho h¢ théng pha song 4G LTE.
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Hé théng thiét ké s& str dung cong nghé truyén dan SISO dé dam bao yéu cu cho
tat ca cac bén

- Cong trinh Hai Phat Plaza 1a cong trinh trong diém, ngoai phuc vu cho hon 800
ho gia dinh cing vé6i sé lugng khac hang dén 1am viéc va kinh doanh thi phan
thiét ké phai thiét ké cho tram BTS 4G LTE indoor riéng cho dy an. Vi néu st
dung giai phéap lay tin hiéu tir cac MicroCell s& dii dung luong cung cap trudc
nhu cu to 16n cua nguoi st dung dich vu mang di dong. So bo tinh toan nhu cau
cua luu lugng thi mdt nha mang khong phai dung tram ti BTS 4G LTE mdt cell
phai ding nhiéu hon.

- Thiét ké hé théng phii song phai sit dung cac thiét bi khong chi dép tng dai tin
hién nay 12 1800Mhz va 2100Mhz ma phai sin sang cho dai tan 2,6Ghz. Day la
dai tan da dugc mét sd nha mang tai Viét Nam dang ky cho 4G LTE. Khi lya
chon thiét bi thiét ké, chung ta sé chon cac thiét bi duoc san xuit tai cac hang uy
tin. Thiét bi nay c6 d6 bén cao, suy hao thip nhit va cong suit cao va 6n dinh.

- Cau tric xay dyng ctia du an Hai Phét Plaza dugc x4y dung bén ngoai theo thiét
ké bén ngoai 1a ban c6 dién. Chi vi vy, phia bén ngoai cac toa nha c6 nhiéu hinh
khéi 10i 16m, dong thoi dugc trang tri va xdy dung nhiéu cot 16n phia bén ngoai.
Day 1a 1y do tai sao song 4G LTE tir cac tram BTS bén ngoai khong phu dugc
nhiéu cho du an. Khi thiét ké thi chiing ta phai xac dinh 1a dich vu di dong 4G
LTE sé& dugc phuc vu boi hé théng dang thiét ké. Yéu cau thiét ké phai tinh toan
vé mat do dng ten 1an cong suat thu phat dat 98% ving phu.

3.2.2. Thiét ké hé théng phii séng 4G LTE
3.2.2.1. Thiét ké hé thong phii séng di dong 4G LTE trong nha cho dy dn Hdi
Phat Plaza
a. Cong cu thyc hién
Dé chuan bi cho cong viée tiép theo 1 thiét ké hé thdng phu song trong
nha 4G LTE cho du anh Hai Phat Plaza, khi thuc hién phai c6 chuan bi day du
mot so thiét b va so liéu co ban:

- May tinh c6 hé diéu hanh Windows 10 Intel I7-10400 RAM: 16Gb
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- Phan mém AutoCad Version 2018
- Phan mém iBwave Version 6.5
- Phan mém TEMs Discovery Professional 11.1.10
- Céc s lidu va bao céo khao sat duge thue hién trong khao sat. Thong $6

cac thiét bi s& duogc str dung cho cong trinh dé nhap vao phan mém thiét

ké, tang d6 chinh xac khi thuc hién lap dat.

b. Hé thong dng ten trén cdc ting

Véi mit bang cua ban thiét ké xay dung c6 san va dugc chuyén sir doi

(néu c6) va bo sung cac thong sé khi k¥ thuat trong qua trinh khao sat. Nguoi
thiét ké sé tién hanh thiét ké bd tri ang ten tai cac mat san. Viéc b tri ang ten
phai duogc tinh todn trén co sé su suy gidm cua duong tin hi¢u cua séng vo
tuyén khi lan truyén trong khong gian. Tuy vao tinh chat mit bang chung ta s&
bb tri tuy loai dng ten. Trong du an nay chi ching ta st dung cac dng ten dic
thu cta hé thong pht séng di dong 13: Ang ten omi 360 do c6 d6 loi ich tir 3dBi
dén 4,5dBi (tuy thudc vao bang tan st dung thi s€ c6 do loi khac nhau), an ten
co hudng 120 do, 240 do va ang ten xuong c6 do loi 11dBi. Viéc xac dinh
khoang céc tlr ang ten phat dén thiét bi thu dua trén cong thire tinh do nhay thu:

Prx =Prx+ Gry — Lyx— Lps— Ly + Gry— Lpgy (3-3)

RSRP(dBm) = RSSI(dBm) — 10 * Ig(12 = N)

Trong do,

« PRX = Cong suat may thu (dBm)

« PTX = Cong suit ngd ra may phat (dBm)

o GTX =DJ lgi anten phat (dB1)

« LTX = Cac suy hao do may phat (cap, connector...) (dB)

« LFS = Suy hao truyén dan khong gian ty do (dB) va méi truong dic

biét ctia toa nha nhu tudng gach, bé tong, gd

« LM = C4c suy hao hon tap (fade margin, phan cuc 1&ch...) (dB)



49

« GRX =P0 loi anten thu (dBi) (anten ctia may di dong coi nhu bang 0)

« LRX = Cac suy hao do may thu (cap, connector...) (dB)
Tir viée ¢ gia tri mirc thu nam trong ngudng cho phép cia dich vu 4G LTE
trén bang tan hién thiét ké 1a 1,8 MHz va 2,1 MHz cua thiét bi ching ta s¢€ tinh
duoc Suy hao LFS:

Lis =Pry+ Gyy — Lyy—Pgpy — Lyy+ Gy — Lgy

(3-4)
Suy hao truyén dan khong gian tu do c6 thé dugc tinh toan sir dung phuong
trinh sau:
)
FsL= ()
LA (3-5)
Trong do,

« FSL = Free-Space Loss (Suy hao truyén dan khong gian tu do)
o A =Budc song tin hi€u (m)
o d=Khoang cach giira tram phat va tram thu (m)
Théng qua mot s6 phép dao ham sau hon, phuong trinh thuc té hon dudi day
c6 thé chi ra suy hao FSL trong udc tinh dB (decibels):
FSLidB)= 20log,,ld) + 20log, f) +92.45 (3-6)
Trong do:
« FSL (dB) = Free-Space Loss (Suy hao truyén din khong gian tu do)
(dB)
o d=Khoang cach giira tram phat va tram thu (km)
o f=Tan s6 tin hiéu (GHz)
Ta sé co:

20log.old) = FSL(dB) + 20logy(f) +92.45 -

Mdi quan hé giita Ly tai cong thirc (3-4) va FSL(dB) tai cong thuc (3-6) khi

truyén dan nam trong khong gian tu do. Nhung bén trong toa nha thudng co
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cac vat can la cac buc tudong ngan cach. Do vay, tuy thudc vao vi tri ang ten
phat song dén thiét bj thu thi mic suy hao cia FSL(dB) tai cong thirc (3-6) s&
tang hon murc L tai cong thire (3-4) ma theo mo hinh Motley&Keenan W (k)
: 1a suy hao tuong thong thuong tor 7dB cho tuong gach thong thuong va 10dB téi
20dB cho tuong bé tong.

Theo khao sat trude thi du an dugc chia lam ba khu khac biét va cong
nang cung khac nhau. Chinh vi thé viéc b6 tri va sir dung dng ten tai cac khu
vuc ndy ciing rat khac nhau. Khac vé ching loai ang ten 1dn bd tri ang ten trong

thiét ké.
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Hinh 3.10 H¢ thong bo tri dng ten ting him

- Tang ham B1 va B2: Hai ting him cuia dy an duoc thiét ké tran rat cao (5
mét) va thong sudt. Trong hAm gan nhu khong c6 vat can ngoai cac tru bé
tong ctia dy an. Vi dién tich mdi tang xdp xi 10.000m2 coéng ning hoan
toan dé 1am bai dé xe nén mat d6 nguoi sir dung di dong thua. Thiét ké s&
dugc str dung toan bd 1a 23 ang ten Log-periodic (Rosenberger S-Wave
7FW-10/12-LP) tai mdi ham va s& dugc lap trén tran cia cac ting ham.
Céc ang ten duoc thiét ké lap thanh timg cdp va cac cdp ang ten s& lap dat
so le 14n nha dé dam bao vung phu. Véi dic tinh cta dng ten Log periodic
c6 goc bip song nho va do loi Gaint 14 12 dBi cho dai tan tir 1710-2700MHz
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s& gitip ting ving phu 4G LTE ra xa. Vi thiét ké nay s& tiét kiém duoc chi
phi vi tiét kiém dugc nhiéu cho chi phi hé thong cap feeder cung phu kién

di kem.
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Hinh 3.11 Hé thong bé tri dng ten ting 1

Tang ham limg: dién tich 7.750 m2, day 1a thiét ké dé tréng phan khong
gian ¢ trung tdm va sir dung dién tich hai bén. Muyc dich dung lam bai dé
xe may. Thiét ké hé thong stir dung 17 dng ten Log-periodic va 3 dng ten
Omi.

Tang 1: thiét ké xay dung mit bang co dién tich gan 5.000m2, phan san nha
ngoai mot di¢n tich nhé dugc lam sanh con lai dugc chia thanh cac cén theo
nha shop house. Hé théng ang ten s& sir dung hoan toan 40 bang ang ten
Omi Celling (Rosenberger S-Wave 7FW-01-L500) tai ting 16, khoang
cach giita cac ang ten khong 20 mét dé dam bao vung phu. Vi dat tinh cua
ang ten Omi do loi Gaint 1a 4,5 dBi cho dai tan tir 1800MHz va 2100MHz
ctia 4G LTE s& dugc phu khip dién tich mat bang san nha.
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Hinh 3.12 Hé thong bo tri dng ten tang 2

- Tang 2 va tang 3: thiét ké mat san nhu tang 1 va 1a mot mat phang nhung
dugc xay dung thém mot phan dién tich tang ling, tong sb dng ten ca khu

dién tich str dung cua hai phan dugc thiét ké lip dit gdm co6 42 ang ten Omi
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Hinh 3.12 Hé thong bo tri dng ten ting 5

- Tang 4, tang 6 va tang 5: LA c4c mat bang cho trung tdm thwong mai va vin
phong 1am viéc. Vi cong niang nhu vay khu vuc it vat can nén thiét ké st
dung hoan toan dng ten omi dé phu song. Riéng ting 5 ¢6 danh dién tich dé
lam dé boi, chiing ta dung hai ang ten Log periodic huéng t&i hai dau bé

boi dé phu toan bd dién tich.



53

Hinh 3.13 Hé thong bé tri ing ten tang 5 dén tang 20

- Tir ting 7 dén tang 23 thap A va tang 7 dén tang 23 thap B: Véi dién tich
cia mdi tang tai mot thap chi co dién tich gan 1000 m2 nhung thiét ké dua
ra phan bo ang ten Omi v&1 mat do day hon cac téng duéi. Mdi san duoc
lap dat 29 ang ten Omi gém 4 chiéc thiét ké phuc vu ¢ hanh lang va 25
chiéc phia bén trong can hd. Ly do mat d6 ang ten lip nhiéu hon 1a do day
1a tang c6 cong ning 13 cac cin ho chung cu. Mit bang duoc ngan cach boi
nhiéu birc tudng va ang ten duge lap 4m tran va khong dugc lap duong tran
nhu cac ting hdm va tang thuong mai.

- Tir tAng 24 dén tang 25 thap A va ting 24 dén tang 25 thap B: Vi dién tich
clia cac tang duoc thu hep hon nén s6 luong ang ten ciing giam. Thiét ké str
dung mdi ting cia mot bén thap gdm 16 cai dng ten Omi phu déu trén dién
tich.

. Hé thong quang MU-RU, cdp Feeder, bé chia
Trong qué trinh thiét ké hé thong 4G LTE cho dy 4n, khi thiét ké hé thong

tryc truyén dan tin hiéu tir may phat tir cac BTS 4G LTE dén cac anten tai
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cac diém cua toa nha. Toa nha co dién tich rong va thiét ké cong ning phic
tap nén phan thiét ké truc tin hiéu phai tinh toan phan coéng suat phan bo
thong qua truyén dan phai chi tiét, tranh truong hop tin hiéu téi dau n ten
bi suy hao hét hodc yéu khong du diéu kién dé phuc theo phan thiét ké cua
mit bang bd tri dng ten. Do vay, chung ta s& tinh suy hao trén co so dai tan
hién nay dang phat 4G LTE tai Viét Nam l1a 1800Mhz, 21000 Mhz va
2700Mhz. Cong suét phat tai dau ra cia BTS s& 1a 45 dBm. Trong qu4 trinh
tinh toan, néu suy hao tur cac tur tram BTS dén ang ten tai mot s6 khu vuc
xap xi bang 0 thi s& bo sung bo cong sut (O cong trinh nay chung ta sé& sir
dung bo cong suat quang 14 MU va RU ctia hing Comba ... v6i cong suat
dau ra cho dai tan 1800MHz — 2700MHz 14 43 dBm) dé nang cong suét phat
va suy hao sé tir cac dng ten d6 s& dugc tinh tir cong suat may phat 1a bo RU
duoc bd sung. Pé dam béo cho mang 4G LTE cho dy 4n nay hoat dong tdt,
cong suét phat tir tram BTS dén duoc dau ang ten phai con cong suat con lai
d6i v6i dai tan 1800 MHz 13 10dBm va 2100 MHz 13 5dBm. Néu goi P an
1a cong suat dBm cho dau vao ang ten thi d& dam bao cho chat lugng mang
4G LTE phat ra tai mdi dau ang ten s& c6 nhu sau:

Pant= TXets— ), Lep- D) Lid— Lnp+ Pamp (3-8)
V6i dai tan 1800Mhz yéu cau: 10dBm <P ap
V6i dai tan 2100Mhz yéu cau: 5dBm <Py
Trong do:
TXgrs: Cong suat phat 4G LTE cta tram BTS (cong suat 45 dBm)
> Lep: Téng ton hao cua tat ca cac bo chia va tong suy hao cac coupler
Y Lgg: Téng suy hao ctia cac doan cap Feeder

Lhp: Suy hao qua Hibrid hoac POI
Pamp: COng suat phat cia Amplifier va RU(cong suét 43 dBm)
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Trong qua trinh thiét ké, chung ta s& két ndi tat ca cac soi cap feeder 1/2inc
tr cac dau ndi ang ten vé truc va cac vi tri dat duge bo chia. Trong du &n
Hai Phat Plaza nay, tai mdi tAng déu c6 phong k§ thuat tai mdi tAng va trén
trAn moi tﬁng c6 mot b vi tri hd ky that rat thuan tién cho viée duy tu va
bao dudng. Phan thiét ké s& tron nhiing vi tri nay dé dat cac bo chia va
coupler dé dam bao mdi s¢i cap feeder khong qua dai va dong déu, tranh
suy hao trén soi cap. Pdi v6i diém dat vi tri bo chia ddi xing splitter dé chia
cho 2 dén 4 dng ten ching ta s& tinh toan diém dit lam sao cho cac dudng
ra c6 khoang cach diy cap feeder 1a ddng déu tranh trudng hop bi suy hao
duong truyén dan ti cong sudt phat tai cac ang ten d6 khong dong déu.
Truong hop bat kha khang sé& dung bo chia bat dbi xing coupler dé thay thé

va can chinh.
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Hinh 3.14 So dé hinh cdy cho ting ham va tang dé
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Sau hoan thanh phan thiét ké day dan tir dng ten vé truc chiing ta s& thiét ké
phan truc ndi gitra cac bo chia véi nhau. Lam giam phan suy hao thi cac bd
chia c6 khoang cac dé st dung feeder 7/8 ndi véi nhau dé giam phan suy
hao. Khi d3 tinh toan tin hiéu tir dau dng ten cta cac nhanh dén diém ma
tong s6 suy hao cua feeder xap xi bang 43 dBm ma khoang cach d6 chua
ndi voi BTS thi chiing ta tinh toan dé bd sung cac thiét bi cong suat nhu

Amplifier hoac MU-RU.
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Hinh 3.15 So dé hinh cdy cho ting ham va tang dé

Trong du 4n nay ching ta st dung toan bd bang MU-RU la phan ting cong
suit duong truyén. Nham dam bao cong suat dudng truyén va can ddi voi
suy hao, trong thiét ké da dung 16 RU va v6i 5 bo MU dé du dam bao chat
lwong cho mang 4G LTE va tinh toan cong suat du phong trong twong lai
d. Hé théng tram BTS 4G LTE inbuilding

Dy 4n Hai Phat Plaza co tinh chat ngudi song va lam viéc md, sé luong
ngudi ra vao du an ludn bién dong. Pong nghia voi viée thué bao di dong
4G LTE ciing bién dong. Viéc tinh toan dé dam bao luu lugng cho hé thong
lam sao tranh ngh& mang nhung ciing khong duoc dé tai nguyén hoang phi
ma khong duogc khai thac. Theo thiét ké cua dy 4n thi s& c6 2600 nguoi s&

cu cht thuong xuyén tai day va can ctr cong nang van phong, trung tam
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thuong mai s6 ngudi sdng va lam viée tang 1én gip 2,5 1an. Can cit vao sb
liéu cap nhat
- 70% Dan s6 sir dung dién thoai di dong
- 64% Thué bao két ndi 3G/4G
- 3 gid 18 phut stir dung Internet trén dién thoai di dong
- 60,88Mbps toc truy internet di dong(dung thir 2 khu vie Pong Nam A)M
Do vay $6 luong thué€ bao st dung 4G LTE cua du Hai Phat Plaza s€ duoc
du tinh khoang:
TBucLte = 2.600%2,5(1an)*70%*65% ~ 3000 thué bao 4G LTE
Véi khuyén cdo ctia nha cung cap dich vu va thuc té da trién khai phat song
4G LTE tai Viét Nam thi mdi tram BTS 3Cells s& phuc vu cho khoang
2000-3000 thué bao.
Véi s6 liéu trén chung ta s& thiét hé thong 4G LTE chia cac mit san thanh
03 khu vuc, mdi khu vuc sé dugce phuc vu boi mot Cell riéng biét,
- Cell 1: phan phdi tin hiéu cho toan bd khéi dé va ting hAm
- Cell 2: phan phdi tin hiéu cho thap A cua dy an
- Cell 3: phan phdi tin hiéu cho thap B ciia du 4n
Viéc phan b cell nay khong chi theo cong suat ma con dua trén co s& cila
luong ngudi dung qua thi 1& phan bo s6 lugng thué bao trén km2. Trong thiét
ké tap trung nang cong suat va luu luong vao cac tang thap vi mat do nguoi sir
dung tai khu vuc ndy cao hon nén nhu cau ciing cao hon
3.2.2.2. Ban thiét ké
Sau khi hoan thién thiét ké mat bang bd tri dng ten, bd tri thiét b trén
truc truyén dan va cap truyén dan va tinh toan do suy hao tin hiéu (so d6 hinh
cay)... ngudi thiét ké hé thong sé ra soat va kiém tra 1an cubi dé dua ra ban
thiét ké mit bang. Cong viéc nay ra soat ndy phu thudc rat nhiéu vao kinh

nghiém nguoi thiét ké vi phdi can cur vao thuc dia. Viéc bd s6t mdt mat bang
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hodc sai dia hinh va chung loai vat liéu xay dung trong toa nha s& dan téi sai
sot dén cong suat dé cac dng ten khi phai bd sung thiét bi. Dé dam bao thiét ké
phu séng 4G LTE cho dy 4n Hai Phat Plaza ngudi thiét ké da sir dung thiét bi
CW (PCTel Seegull CW Transmitter) dit & dai tan 4G LTE tai Viét Nam dé
phat gia 1ap. Muc dich kiém tra viing song va chét luong trén thuc dia. Tai mdi
tang dién hinh, chung ta s& dit ang ten thu phat cia CW tai cac vi tri s& lap dat
ang ten sau d6 dung may quét c¢6 tinh nang cao (di¢n thoai di dong thong thuong
khong thé thir tinh ning cia CW) dé kiém tra ving pha 4G LTE. Sau d6 dung
két qua ctia CW 1a mot trong nhimg phuong thirc dé thay doi thiét ké bo tri ang
ten tal mat béng cac tﬁng.

Sau cac budc thuc hién trén, ngudi thiét ké s& hoan thién lai toan bo ban
thiét ké hé thong phu séng bén trong toa nha 4G LTE cho dy an Hai Phét Plaza
bao gom:

- Ban v& mit bang bd tri dng ten trén cac tang dién hinh (phu lucl)
- Ban v& so do hinh cay (Do dy an la dy an 16n ban v€ tai phu luc 2 s€ dugc
chia 12 ba khu vuc khac nhau theo b tri cell)
- Danh sach céc thiét dé hoan thanh hé thong phu song 4G LTE
3.3. Kiém tra chat hrong hé thong phii song di ddng qua chay gia lap trén
phan mém iBware

Pé danh gié chi tiéu 4G LTE thém chinh x4c ctia hé thong phi séng trong
toa nha khi ddu ndi tram BTS, chung ta s& chay gia 1ap trén phan mém iBwave.
Qua khong gian gia lap 2D va 3D chung ta s& kiém tra két qua cac thong s6 cua
4G LTE (RSRP va RSRQ) tai cac diém mau cua toa nha. Trén thuc té thong
qua bang mau nhiét chung ta c6 thé danh gia so b duoc chét lugng dich vu 4G

LTE chung ta c6 thé danh gia qua ban db nhiét sau khi chay gia lap
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3.3.1. Théong sé gid lap
Trén co so cac thong sb cta nha cung cip dich vu vién thong Viettel,

chung ta st dung céc thong sb:

- Nha mang: Viettel

- Band: 1800 MHz

- Cong nghé: 4G LTE

- Downlink Tx Power: 43 dBm

- Uplink Rx Losses:

- Chat liéu tuong xay: Tuong gach c6 do day 250 mm, 150mm

- Chét liéu bé tong: Tuong bé tong chiu lyc 250 mm, c¢dt chiu luc 2000mm x
1000mmm

- Chat liéu cira so: kinh day 8 mm

- Chit liéu g5: cac tu g5 lép dat tai cac vi tri thiét ké cac can ho, van phong
theo chu dau tu du an cung cép. Déi t6i vi tri dat ban va givong dugc coi
nhu bang khong vi chiéu cao vt liéu khong cao hon nguoi st dung thiét bi
di dong khi dting va ngdi.

- Chat liéu thép: Thang may duoc gia dinh dang dimg & tat ca cc tang
2000mm x 2000mm va ca tru thé

3.3.2. Két qua gid ldp

Sau khi cac thong sb gia 1ap da dugc nhap day di, phan mém iBwave sé&

dua ra ban do chat luong song theo dang 2D va 3D cén ¢ vao ban mau, chiing

ta s& dang gid dugc mirc thu cac chi s6 RSRQ va RSRP. Trong bang thiét ké

cua dugc hoan thién cua du 4n Hai Phat Plaza sau khi chay gid 1ap ching ta

thay mau the hién cac h¢ s6 déu nam trong khoang cho phép cua nha mang.
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Bing 3.5 Chi s6 cong sudt thu ciia dit ligu chay gid lip

RSRQ Ty 1¢
>-40 dBm 38,6%
>-50 dBm 69,1%
>-55dBm 96,9%
>-60 dBm 85,4%
>-65 dBm 99,8%
>-75 dBm 99,9%
>-80 dBm 100%
>-85 dBm 100%
>-95 dBm 100%
>-100 dBm 100%

Khu vuc c6 khoang cach 5 mét to1 ang ten voi khong gian khong co vat
can, 3 mét c6 tuong déu c6 mau do va chiém dén 40% mit san. Lai khoang
15% mau vang va 10% mau xanh. Chung ta s& dua ra toan bo ban db nhiét 2D

ctia ddy du cac tang dién hinh (Phu luc 3) va mot s6 ban 3D

Thng dién hinh 720 thip B1

Hinh 3.16 Hinh gid lap 2D va 3D viing phu
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So sanh véi yéu cau cua bai do k¥ thuat (trén co so cia nha mang Viettel) chiing
da chon cac mau do kiém dé 1ap bao céo dua vao hd so thiét ké phi song di dong 4G
LTE theo nhu mau tai phu luc 4.

3.4. Kétluan

Chuong 3 sau khi dua ra phuong an khao sat dd hoan chinh ban thiét ké phu
song di dong 4G LTE cho dy an Hai Phat Plaza. Trong qué trinh thiét ké da sir dung
mo hinh gia lap ciia phan mém iBwave. V&i khao sat thyuc té va moi trudng gia lap

t6t, chung ta c6 mot ban thiét ké dua ra tng dung rat gan véi thuc té.
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KET LUAN VA KIEN NGHI
I.  Kétluan deé tai.

Viéc thiét ké mot hé théng vién thong 1a mot bude rat quan trong trong phat
trién mang ludi phtl séng ctia cac nha dich vu vién théng. Vi cude cach mang 4.0 vé
chuyén d6i s6 thi dé co dich vu phu séng 4G LTE cho cac cong trinh nha cao tang 13
rat quan trong.

Luan vin di xay dung ra quy trinh thiét ké hé théng phu song di dong cho mot
toa nha cu thé 12 du 4n Hai Phat Plaza voi nhiéu cong ning khac nhau. Tuy mdi khu
vuc voi cong nang khac nhau s€ duoc thiét ké nhim muc dich phan b6 tin hién 4G
LTE khac nhau. Thiét ké dugc thuc hién trén co s& duge khao sat do dac k¥ ludng va
dua thiét ké cta cong trinh thi thiét ké hé thong phu song ciing thay d6i khac nhau.
Trong luan vin nay hé thong thiét ké da duoc chay trong mé hinh mé phong cua tng
dung véi cac hinh anh duoc kiét suat nham muc dich danh gia luon hé thong thiét ké.
Néu chat luong hé théng c6 chd khong 6n dinh vé mang 4G LTE thi gitp tim duoc
nguyén nhan dé stra chita va t6i wu luén. Nhu vay 1a da tiét kiém rat nhiéu chi phi néu
sir dung ban thiét ké trong thuc té.

Il.  Thach thic

Vi hé thong thiét ké xay dung trén phuong thirc truyén dan SISO cho mang
4G LTE néu ap dung cho thuc té s& tiét kiém chi phi dau tu va d& dang bao dudng
thay thé so v&i cong nghé MIMO, nén c6 nhiéu thach thirc can phai giai quyét:

% Gibi han vé tdc d0, con c6 khoang cac xa v6i chuyén IMT-Advance
% Bing tan gi6i han trong khoang 1800MHz dén 2700MHz
I1l. Huwéng phat trién caa dé tai

Xay dung mot tidu chuan thiét ké hé thong phu song di dong trong toa nha vai
cac cong ghé két hop tir 2G, 3G, 4G, 5G....

Phat trién thiét ké hé thong 4G LTE khong chi dam bao két ndi riéng cho mot
ma nhiéu nha mang cing véi thiét ké phat song Wifi qua hé théng phu séng di dong

dang co san (Wifi Merging), Wifi marketing
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