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MO PAU

O cac nude phat trién nhu Han Qudc, Nhat Ban, cac md hinh nha thong minh, thanh
phé théng minh 14 gan nhu rong khip. Internet ¢ & khap noi trong thanh phd. Cac thiét b
thong minh c6 thé theo ddi, quan 1y, giam sat nhiéu thiét bi thong minh tir xa. Hay don gian
la vi¢c quan 1y tré em, nguoi cao tudi di lac hodc bi bat coc ma khong cin & bén canh
24/24...

O Viét Nam, vé mot mang ludi van vat két ndi Internet hay van vat két ndi Internet
IoT (Internet of Thing) 13 twong dbi m&i va viéc ap dung, trién khai nd phuc vu cho xa hoi
1a con han ché. Cac nha mang 16n nhu Viettel di bat dau diy manh x4y dung co sé ha tang
dé trién khai cac mo hinh tmg dung. Theo uéc tinh tir IHS Market, du doan hon 75 ty thiét
bi thong minh s& duoc st dung vao nim 2025, ting 400% so véi khoang 15 ty thiét bj dang
hoat dong hién nay. Viéc nghién ctru cac md hinh, giai phap k¥ thuat lién quan la co hoi
cling nhu dong luc dé phat trién kinh té, tao ra cac san pham thong minh, hudng t6i nguoi
dung va xa hoi nhiéu hon.

Vé6i mong mudn vé mot mé hinh két ndi cac thiét bj thong minh & ving sdu ving xa,
vung hai dao dé phuc vu cho viéc quan sat, du bao ciling nhu kiém soat mot d6i tuong, nhom
dbi twong nao dé. Vi du nhu kiém soat bién gidi, kiém soat nan budn ngudi, quan 1y cac
dong vat quy hiém, cic cdy gb quy hay xa hon 1a quan 1y bién dao, nhimng ving dat xa x0i

cua to quoc... Dé tai nay s€ 1a tién dé cho cac giai phap ctia cac mo hinh doé!



CHUONG |
TONG QUAN VE CONG NGHE TRUYEN THONG NB IOT

Tém tit: Trong mét moi truong réng Ioén nhw bién ddo, ton tai cdc van dé nhw: Vin
dé nhw dinh vi, dan dwong, canh bdo cuu ho cuu nan, van de quan ly cac thuc thé trén bién
(dao, badi can) hay giam sat nong nghiép trén dao... viéc dp dung khoa hoc cong nghé vao
viéc nhdn biét, kiém sodt, theo doi cdc thuc thé di dong va co dinh la mét viéc lam can thiét.
Tuy nhién viéc truyén thong trong mot méi truong rong 1ém la mét thach thire. Céc cong
nghé truyén théng khong day thong thuwong nhie Wifi, Bluetooth, Zigbee, Zwave 1a khong
thé, cdc cong nghé truyén thong di dong (Cellular) gdp nhiéu han ché vé van dé khodng
cdach, cong sudt, thoi gian sit dung ciing nhw chi phi... Sw ra doi ciia cdc cong nghé truyén
théng LPWAN mang dén cdc gidi phdp thuc sy hiéu qud. Trong @6 NB IOT va Lora la hai
lira chon hang dau. Chwong 1 sé trinh bdy tong quan vé truyén théng NB 10T, ciing nhu 1y
do lwa chon. Churong II sé trinh bdy vé thiét ké ciing nhiwr van dé quan trong nhdt trong NB
IOT la dwong tdi lén (cdu tric, cdc van dé gap phai). Chuwong WIl. Phén tich, danh gid gidi
phdp va dwa ra két ludn. Cudi cing la dé xudt mé hinh dp dung vao bai todn ban dau.

1.1 C6ng nghé mang dién rong cong suat thip LPWAN

Mang dién rong cong suét thip (LPWAN) [16] 1a cac cOng nghé khong day véi dic

diém 1a pham vi két ndi rong, bang thong thip, kich thudc goi tin nhé va hoat dong trong

mdt khoang thoi gian rat dai ma khong can sac hay thay thé pin...
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Hinh 1.1 Ung dung ciia LPWAN



Mang LPWAN 1a mang chiém uu thé nhat trong van dé két ni cac thiét bi trong
pham vi dia 1y rong 16n.
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Hinh 1.2 So sanh cac cong nghé truyén thong khong day [16]

So sanh cac cong nghé khong day trong nhom LPWAN

Bang 1.1 Bang so sanh cac cong nghé LPWAN [3]

' sigfox LERa NB-IoT LTE- {;} EC-GEM-loT
Cong ngh¢ | SIGFOX LORA NB IOT CATM EC-GSM
Cong suat ~162dB ~157dB ~164dB ~156dB ~164dB
Tuo1 tho Pin | >10 nam >10 nam >10 nam >10 nam >10 nam
o Khong can | Khong can GSM,& LTE LTE GSM
Pho tan cép phép cip phép (Co ban (Co6 ban (Co6 ban
quyeén) quyén) quyén)
Tée do gt éggggz 5'“00k'§p's ~250Kbps. 1Mbps | ~10-240kbps
Bang thong 600Hz 125kHz 180kHz 1.4AMHz 200kHz
BPSK,
Didy ché BPSK GFSK, QPSK, QPSK, 16 or GMSK
IGFSK CSS 8PSK, 64QAM (8PSK)
16QAM
Giao thuc Sigfox Semtech 3GPP 3GPP 3GPP
.z . Lora GCF/PTCRB | GCF/PTCRB | GCF/PTCRB
Gidyphép | SIGFOX 1 Alliance TBC TBC TBC

Dua trén hai bang trén thi rd rang véi tiéu chi: Toc do thap, thoi gian sir dung dai, tiét

kiém chi phi, khéng can di dong... thi c6 2 cong nghé Lora va NB IOT dang chiém uu thé.

1.2 Sosanh Lorava NB IOT

1.2.1 Lora




LoRa 1a cong nghé 16p vat Iy tng dung trong linh vuc cong nghi¢p, khoa hoc va

bang tan y t& (ISM) va dugc dua trén k§ thuat trai phd (CSS) dugce danh gia cao.

1.22NB IOT

[oT bang thong hep (NB-IoT) 1a cong ngh¢ LPWAN duoc gidi thi¢u trong ban 3GPP

Release 13.
Bang 1.2 Bang so sanh NB 10T va Lora [12]
Tham sb LoRaWAN NB-loT
Bang thong 125 kHz 180 kHz
Phu song 165 dB 164 dB
Tuodi tho pin Trén 15 nam Trén 10 nam
Dong ti€u thu dinh 32 mA 120 mA
Toc dd ~0.3 -50kbps ~250kbps.
Dong tiéu thu khi thiét bj Off 1 yA 5uA
Thong lugng 50 Kbps 60 Kbps
Do tré Phu thudc vao thiét b <10s
Bdo mat AES 128 bit 3GPP (128 to 256 bit)
Dinh vi C6 (TDOA) Co6 (In 3GPP Rel 14)
Hiéu suit chi phi Cao Trung binh

e Panh gia vé kha ning lvu dong:

LoraWan c6 tinh luu dong cao hon NB-10T

e Danh gia vé khia canh chi phi:
LoraWan c6 chi phi thdp hon NB-10T

Néu dya vao tiéu chi: Toc do cao, do tré thép va bao mat cao thi NB IOT la lua chon.
1.3 Tiém niing ciia cong nghé NB-10T

NB IOT c6 tiém ning phat trién rat 1on khi ma nhiéu hing trén thé gigi hd tro phat
trién va trién khai vao thuc té.
1.4 Muc tiéu thiét ké ciia NB-1OT trong céc ban phat hanh

1.4.1 Bdn phdt hanh 13

- Ché d6 hoat dong. HO tro truyén dan da tone. Cong nghé giam chi phi, do phuc tap.
Phuong phap gidm nang lugong.
1.4.2 Bdn phdt hanh 14



- K¥ thuét dinh vi dugc cai tién. Dich vu da hudng. Giam muc nang lugng cho
thiét bi ngudi dung. H) tro kich thude khdi truyén tai 16n hon. Hoat dong da song mang.

1.4.3 Bdn phat hanh 15

- Giam d6 tré. Lap lich ban ¢6 dinh. Hd trg 6 nhd. Céc phép do thiét bi ngudi
dung nang cao. H6 trg song cong phan chia theo thoi gian (TDD).

1.4.4 Bdn phadt hanh 16

- Quyén truy cap mién phi. Truyén dong thoi nhiéu ngudi dung. Kha ning di

dong & ché do khong hoat dong gitta RAT.
1.5 Céac van dé anh huéng téi hiéu niing NB-10T

- SINR: SINR dai di¢n cho ty I¢ tin hiéu trén nhiéu mé rong.

- Thong lwong: Téc do thong luong biéu thi lwong dir liéu dugc truyén qua mang
trén mot don vi thoi gian.

- Ty 18 mat géi: Ty 18 mat gbi 1a ty sb giira s6 goi bi mét trén tong sd goi dugce g
trong don vi thoi gian.

- Tinh tin ciy ciia khdi truyén tai: Tinh tin ciy cua khéi truyén tai (TB) la ty 1é
chinh xac cua khdi dit liéu nhan duoc.

- Suy hao: Suy hao 1 gia tri ctia ning luong tin hiéu bj mat.

Két luan chuwong 1

Chuong 1 d3 trinh bay cac khai niém co ban vé céng nghé truyén théng khong day
cong suat thap dién rong LPWAN va so sanh uu nhuoc diém giita cac cong nghé. Véi yéu
cau ciia bai toan dit ra ban dau thi c6 hai cong nghé LPWAN dap tng tot tiéu chi vé cong
suat va thoi gian sir dung d6 1a Lora va NB-IOT. Tuy chi phi dit hon, dong tiéu thy cao hon
nhung NB-IOT c¢6 toc do truyén tai cao hon, d tré thap hon va quan trong 1a bao mat cao
hon. Do d6 giai phap NB-1OT 12 Iya chon trong ludn vin nay. Céc tiéu chi thiét ké trong cac
ban phat hanh 13, 14, 15 va 16 ciing duoc trinh bay chi tiét trong chuwong 1. Noi dung
chuong 2 sé& trinh bay vé thiét ké duong tai 1én may thu va danh gia cac yéu to anh hudng

to1 hi€u nang mang.



CHUONG 1
THIET KE PUONG TAI LEN MAY THU NB IOT

2.1 Nghién ciru vé thiét ké may thu trong kénh NPRACH

2.1.1 Thiét ké mdy thu NPRACH
Truyén phan m& dau truy cap ngau nhién [6] 1a budc dau tién cta quy trinh truy cap
ngau nhién cho phép thiét bi ngudi dung (UE) thiét 1ap két ndi v6i mang. Ngoai viée phat

hién phan mo dau chinh xac, wdc tinh thoi gian dudng 1én 1a mot muyc tidu chinh khac cta

may thu NPRACH.
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Hinh 2.2 Bwéc nhay trong NPRACH

- Uéc tinh va hiéu chinh do 1éch tan so



- U'dc tinh tré

- Phat hién tin hi¢u
2.1.2 B¢ nhdn NPUSCH dinh dang 1 (Dit li¢u

Dir li€u kénh chia s¢ duong tai 1én NB-IoT dugc anh xa tdi kénh NPUSCH dinh dang
1 va ho tro tones 1, 3, 6 hoidc 12 & khoang cach séng mang phu 15 kHz hodc don tone &

khoang cach song mang phu 3,75 kHz.

h
3 Trwong Hop 3.75kHz
& Fo] NPUSCH Pinh dang 1 (D li¢u) Piéu ché BPSK hoic QPSK
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Hinh 2.3 Cau tric RU theo kénh NPUSCH dinh dang 1
Miaiu TD
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Hinh 2.4 So' @6 khdi may thu cho NPUSCH dinh dang 1 va 2

» Udc tinh d6 1&ch thoi gian cho céac trudng hop da tones

Khoang cach thoi gian 14y mau cho mdt vi tri nhét dinh duoc ude tinh la:



= s (2.31)
St = arctan
N (Q:)
Viéc hiéu chinh thoi gian ¢ thé dugc ap dung nhu sau:
Qs (2.32)
Ys,l,k = Yss,f,k *—:
(o2
> Giai diéu ché Pilot
» Udc tinh d6 1éch tan sb
U6c lugng do 1éch tan sb ¢ dugc tinh boi cong thuc:
m._. +p (2.41)

NN

slot

» Udc tinh kénh

Qua trinh udc tinh kénh duoc lip lai moi khéi cho mdi UE dang hoat dong. Thoi
gian trung binh hoat dong dugc thuc hién cing véi hiéu chinh bl tan sé hoat dong cho dng-
ten nhu sau:

1283 e 2.42
hoe =2 > h, e (2.42)

SNR trén mét khéi b, dugc cung cip bai phuong trinh:

SNR, =w, hy (2.52)

2.1.3 Bé nhdn NPUSCH dinh dang 2 (Diéu khién)

Kénh NPUSCH dinh dang 2 mang chitc ning xac nhan dit liéu duong xubng va chi
hd trg don tone voi khoang cach song mang phu 1a 3,75 kHz hoic 15 kHz. Kénh NPUSCH
dinh dang 2 c6 do dai don vi tai nguyén RU 12 2 ms va c6 ba ky hiéu tham chiéu trén mdi vi
tri dé tao diéu kién cho cac udc tinh khi str dung don tone 3,75 kHz hoic 15 kHz. Pon tone
trong kénh NPUSCH dinh dang 2 tuong tu nhu don tone NPUSCH dinh dang 1 (Hinh 2.7),

ngoai trir cu trlic pilot, kénh ma héa va diéu ché.



NPUSCH Pinh dang 2 (Piéu khién)
Yy
brd For 3. 75KHz
= 1RU =8ms
—
=
o 2ms slots | |
Piéu ché Pi/2 BPSK (3.75kH=x)
For 15KHz
Chidu dai 1ms = 2 khe
3 the 12 14 ky hiéu Piédu ché
[ 0.Sms = -
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= 4 Kkhe 8 Data (15kHz)
ﬂ RU=2ms
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1RU

Hinh 2.5 Céu tric don vi tai nguyén kénh NPUSCH dinh dang 2

> Uéc tinh nhiéu cho NPUSCH dinh dang 2

Nhiu c6 thé duge udce tinh 1a:

1
" 2BN NZ:

X w =0

2B-1 2 (2.59)

ds 1,ko s 1+1,kq

10.5,6
Trong do d,,, 1a ky hi¢u dir lieu khong phan manh [ twong ung véi khe sth duoc
truyén trén séng mang phu ko. Luu y rang c6 hai vi tri trén mdi khung truyén phu va do d6
téng sb hon 2B d6i véi mot khéi co kich thusc B ms.
» Hiéu chinh pha chung
Trong thiét lap thuc té, can hiéu chinh pha cho mdi ky hiéu dé tinh dén su khac biét
gifta vi tri tin sd cta trung tAm khdi tai nguyén vat 1y IoT bang hep (PRB) va vi tri tan sb

clia trung tAm cua tin hiéu LTE. Két qua bién doi FFT ta co:

l N-1 j2mmn jzn(NoiéjMO (265)
S ZS e N —g N a

m
n=0

k+li'l
2 2
Sau do, hi¢u chinh pha dugc ap dung tai bd thu NB-10T.
> Xu ly khoang cach truyén tai dudng 1én

Cac mb-dun udce tinh d6 1éch tan s6 va udc luong kénh va LLR gidng hét nhau s& bi

anh hudng khi c6 khoang trong truyén dudng tai 1én (UL).
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2.2 Nghién ctru vé cac yéu to anh hwéng téi hiéu ning
2.2.1 Anh hwéng ciia khodng cdch truyén ciia tin hiéu

D0 tin cay cua hé théng dugc biéu thi béng bon tham sb: SINR, toc do thong lugng,
ty 16 mat goi va do dung ctia khéi truyén tai (TB).

706120 |- m = SINR
4 ®  Thong lugng

706110 | ) 1

\
\ =
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Y 180 L2
o \ - =
= \ g
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Khoang cach truyén dan (m)

Hinh 2.6 SINR va Théng lwong & cac khoing cach truyén khac nhau

120% 0.0934°
- ™ Tinh gin ding cia TB
® Tilé mat goi
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100% |- - - - - - - - - -
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L
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Khoang cach truyén dan (m)

Hinh 2.7 Tinh gin ding cia TB va ty 1 mat géi theo khoing cach

o = SINR ~ 230
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Hinh 2.8 SINR va toc d9 thong hrgng & khoang cich truyén ngin
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Hinh 2.9 Ty 1é mat go6i & khoang cach truyén dai [9]
2.2.2 Anh hwong ciia sé lwong nitt NB-IoT dén dp tin cdy

Hinh 2.12, theo [9] cho thdy dnh hudng cua s lwong nit NB-IoT dbi voi do tin cay

ctia hé thong.
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B — o —4 ) R(
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Hinh 2.10 SINR va tdc d§ thong lwong ¢ s6 lwgng niit khac nhau
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Hinh 2.11 Téc d9 thong lwgng & s6 lwgng nit nhé
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Hinh 2.12 P diing ciia TB va ty 1é mat géi & s6 lwong nit khac nhau
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Hinh 2.13 Tinh diing ciia TB ¢ s6 hrong 16m cac niit
2.2.3 Anh hwéng ciia rdo cin xdy dung déi véi dp tin cdy

Phan nay s& nghién ctru anh hudng cta chudng ngai vat dén tiéu thu ning luong qua

duong truyén va phan tich nhiing thay d6i vé do tin ciy ciia hé thong.

16 I Tuong bé téng <6 cia s& .
L Bl Toos bE rong bk cb cira s& 4
14 | B it lidu bang 28 —
o - Wat lién bing da E
12 - —
g ol 1
= L p
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& 8 n
= L ]
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Tweong vat liéu cho xay dung

Hinh 2.14 Mt mat theo cac toa nha vit chit khic nhau
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S6 lwong tang
Hinh 2.15 Tén that theo cac sé ting khac nhau [9]
Hinh 2.17 phan 4nh sy thay doi vé ton that hé théng do su khac biét vé tang trong céc

tda nha duoc xay dung bang cac vat liéu xay dung khac nhau.

Két luan chwong 2

Phéan nay chu yéu nghién ctru vé thiét ké may thu duong tai 1én, cac cong thirc tinh
dinh lugng vé ude tinh nhiéu, udc tinh va diéu chinh d6 1éch tan sd, udc tinh pha... Cling
nhu cdu trac cac kénh vat 1y trong dudng tai 1én.

Ngoai ra con nghién ctru cac yéu té anh huéng t6i do tin cdy cua hé théng. Anh
huéng dugc phan anh cu thé bang cac chi sb dinh luong. Két qua chi ra rang khoang cach
truyén cua tin hiéu NB-IoT anh huéng dén do tin ciy ctia hé théng. Céac sb liéu cho thiy
SINR va tdc d6 thong lugng s& giam khi khoang cach truyén ting 1én. Nhung tinh dung din
ciia TB vé co ban van giit nguyén, va ty 16 mat goi tin giam nhing thay doi nho dudi 1%.
Khi luong truy cap ting lén, ty 1¢ mat goi clia hé thong ting 1én, va d6 ding cua TB giam.
Tuy nhién, ty 18 mat goi tong thé van thap hon 1% va ty 1é chinh x4c trung binh cua tat ca
cac khdi dir liéu nhan duge vuot qua 98,5%. Ngoai ra rao can xay dung trén duong truyén
anh huong dén d6 tin cay ctia hé théng. Chuong 3 s& tap trung vao nghién ctru cac giai phap

nham nang cao hiéu niang may thu.
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CHUONG III
GIAI PHAP NANG CAO HIEU NANG MAY THU
PUONG TAI LEN NB-10T

3.1 Gidi phap phan cum theo khodng cach va cuwong do truy cap
3.1.1 Phan mé diu cé thé tdi siv dung

Tai nguyén md dau cia hé thong NB-IoT rat han ché va xung dot phin mé dau co
thé xdy ra trong cac ung dung c6 mat do s dung dich vu cao. Néu ¢6 thé diéu phéi viéc

phan bo phﬁn mé dau, nang lyc hé théng s€ dugc tang 1én mot cach hi¢u qua.

Hinh 3.1 Co ché phat hién RAR

3.1.2 Cwong do truy cap

Mang NB-IoT thuong bao gff)m nhiéu loai dich vu. S6 lugng thiét bi dau cudi va thoi
gian tai dir liéu liéu 1én 1a bién thién tuy thudc vao loai dich vu khac nhau va cudng do truy

cap céc dich vu cling khac nhau.

3.1.3 Mo td thudt todan

Thuat toAn ERA-CRPA phan cum cac UE trong mang theo khoang cach gitta UE va
eNodeB va cudng do truy cap. S6 lugng phan mé dau trong mot tip hop duoc xac dinh boi
tan sut tai dir liéu dich vu 1én, duoc do béng cuong do truy cap. Cé thé nhan duoc K cum
v6i mot khoang cach dén eNodeB va mot goi tin c6 lich trinh truyén din rd rang sau khi

phan cum. Khoang cach tir diém trung tim cum cum tht K t6i eNodeB dugc dai dién bai
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tham sb d, (km) va khoang cach twong ty giita cum th i va cum thtr j dugc biéu dién boi
D(i, j) = ‘di —d j‘ . Sau do, chi dinh phén mé dau duge dit thanh tung cum theo cac budce sau:

> Budc 1: Tong sd phan md dau cho mdi cum 14 xac dinh. Tong s6 phan md dau cho
cum thtr i 13 li va tong s6 phan mé dau cho mdi cum ty 18 v6i cudng do truy cap trung
binh cua no.

> Budc 2: Gan cum tht I 1a cum khai tao va dugc bd tri phan mé dau 1a P(1- i)

> Budc 3: Sau d6, chi dinh mdt bd md dau cho cum th j. Néu D (i, j) > B, cum thi j
dugc gan cung mot phan mé dau dat 1a P(1- I)). Néu D (i, j) < B, cum thtr j dugc gan

b md dau truy cap ngau nhién bd sung P (L-Ii + 1, L).
3.1.4 Danh gia hiéu qud thudt todn

Kich ban mang NB-IoT bao gom mdt tram goc va ba loai thiét bi dau cudi véi cac
dac diém dich vu khac nhau vé€ vi tri, cuong do truy nhdp va trién khai & trung tdm cua

thanh phd. Ban kinh phtl song mang 14 10km.
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Hinh 3.2 Phan bé dich vu IOT thuc té tai mdt tram eNodeB

Hinh 3.3 1a két qua phan cum.

10 1
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Khoang cach (Km)

Hinh 3.3 Bin dd phan cum ngudi ding theo khoing cich
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Bang 3.1 Bang két qua phan bo phan mé diu

D Cum Khoang cach TB | S6 lugng Cu’(‘r,ng do truy cap Phén bfq)‘
' (km) UE (SO bao céo/s/d) | phan mo dau
3 2.0325 27 0.900 P(1-12)
2 2.1225 157 2.6167 P(13-48)
5 5.2345 152 2.5333 P(1-33)
6 5.8461 24 0.8000 P(34-44)
1 6.0937 104 0.0289 P(45-48)
4 8.2366 117 1.9500 P(1-48)

1
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S& hrong UE trén mot & x 104

Hinh 3.4 Xac suit xung dét phin mé diu
Két qua cho thiy rang co ché truy cip ngiu nhién dia trén thuat toan ERA-CRPA c6

xac suat xung dot m¢ dau nhd hon.
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£ b
= B
B{D‘b
ol : R 0 l , .
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S& hrong UE trén mot & x10* $& luong UE trén mot & x10*

(@) (b)
Hinh 3.5 So sanh théng lwrgng va do tré

3.2 Giai phap lua chgn cac gia tri dinh ky phu hop

3.2.1 Mo ta thudt toan
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Hinh 3.6 Phan bo cac MCS trong mét 6

Khi d6 thir ty truy cip ngau nhién nhu sau:

1) UE truy cip ngau nhién.

UE eNodeB

_ MSG1

Hinh 3.7 Quy trinh truy cip ngiu nhién trong NB-loT

2) ENB truy cap ngau nhién.

3) Thiét bi dau cubi di dong s€ nhan dugc phan hdi va gl ban tin xac nhan.

4) Khi nhan dugc ban tin xac nhan, tram goc sé ty dong guri dén nguoi dung dau cudi

ban tin xac nhin cudi cung.

5) O giai doan nay, qua trinh truy cap ngiu nhién duoc hoan tat, nguoi ding dau cudi

bay gio da dugc kich hoat va bat dau truyén (Hinh 3.7).

3.2.2 Pdnh gid két qud
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Dua trén cac két qua trén ta co bi€u do thé hién so sanh gitra s6 lugng khung truyén

tuong ing voi tung thoi luong.

S0 khung truyén phu
25000

20000
15000
10000

5000

li]
0 320 640 a60 1280 1600 1920 2240 2560

80 ngue 160 ngwan

Hinh 3.8 S6 lwgng khung truyén phu cén cho truy cip thanh cong NPRACH
Ta dé thay chu ky cang 16n thi s6 lwong xung dot cang ting manh (Hinh 3.9)

Xung dot
700
600
500
400
300
200
100

0
a 310 640 Q&0 1280 1600 1920 2240 2360

30 ngrin 160 ngwrin

Hinh 3.9 Xung dot theo lwgng nguwoi dung

Bang 3.2 Bang So lwong goi duoc giri theo sé 1an Lip véi s6 hwong UE = 40

UE = 40 Chu ky NPRACH (ms)
Sé lanlaplai | 40 80 160 240 320 640 | 1280 | 2560

1 100 | 100 105 103 103 99 79 48

2 87 99 105 103 103 99 81 48

4 53 87 104 | 101 101 99 81 48

8 0 54 08 102 100 98 83 48

16 0 0 47 89 08 94 75 48

32 0 0 0 10 59 89 76 48

64 0 0 0 0 0 40 65 45

128 0 0 0 0 0 0 31 37

Bang 3.15 thé hién s lugng gbi dugc gui theo s6 lan 1ap lai khac nhau va chu ky NPRACH

khéc nhau véi s6 luong UE = 80.
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Bang 3.3 Bang S0 lwong goi dwge giri theo s6 1an I3p véi s6 lwong UE = 80

UE = 80 Chu ky NPRACH (ms)
Solanlaplai | 40 80 160 240 320 640 | 1280 | 2560

1 186 | 188 | 204 | 202 167 167 107 28

2 162 188 | 204 | 202 197 167 106 28

4 95 159 | 201 | 200 | 200 | 172 105 28

8 92 183 193 188 | 168 104 28

16 80 164 | 173 | 154 | 104 29

32 17 110 | 156 104 29

64 73 84 27

128 45 22

3.3 Giai phap str dung dang song tin hi¢u khong truwe giao

Theo tiéu chuin 3GPP NB-IoT, dinh dang diéu ché t6i da ma NB-IoT c6 thé hd tro 1a
QPSK, diéu nay lam cho cac ung dung loT nhay cam voi tde do dit liéu. Dé khic phuc han
ché nay, diéu ché bac cao hon nhu 8PSK hodc dang song tin hiéu phi truc giao nang cao cé
thé dugc st dung.

3.3.1 Dang song NB-10T nang cao

Y tudng ban dau cia dang song khong truc giao 1a dé dong goi cac song mang phu

gan hon vé tan sd, bang thong duoc nén nhu trong hinh dudi 13 “SEFDM loai I”

200 250
T

SEFDM (I) |

———— ===

Do l6n tigu chudn

-—il 00 _5.0 (I) 5.0 1 QO 1 5|O 2(?0 250

SEFDM (II) |

05 , , , , , ,
-100 -50 0 50 100 150 200 250
Tan s& (Hz)

Hinh 3.10 Cac lwg'c dd phan bd séng mang phu cho tin hi¢u da s6ng mang
3.3.2 Thudat toan SD loai 1
Do mét tinh truc giao giita cic song mang phu, cac tin hiéu nhan dugc chira nhiéu

gita cac song mang (ICI) nghiém trong dan dén tang ty 1& 18i. Mot ki thuat voi do phuc tap
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giam dugc goi 14 giai ma hinh cu (SD) d3 duoc dé xuat va stra d6i cho tin hiéu SEFDM.

Viéce tim kiém wdc tinh t6t nhat cho Sy, trong SEFDM duge dinh nghia la:

S, =arg [snéﬂ IR-Cs| <g (3.3)

3.3.3. Thuat toan SD logi I1

D0 phuc tap tinh toan cua thuat toan SD phu thudc vao kich thudc cia ma tran tuong

quan C, cai ma duoc lién két véi so6 lugng cac song mang con. BE giam baot su phire tap,

ngudi ta phuong phap chuyén d6i ma tran linh hoat dé giam do phurc tap.

C1,1 Cl,Z o Cl,N (3-5)
C= C.2,1 c?z,z . S
: .. Chiin
CN,l CN,N—l CN,N

3.3.4 Danh gia hiéu nang

Bang bén dudi thé hién su so sanh vé cai thién toc do dir ligu.

] a b
1078 (a) 107 b R ,.(,).
( ‘ v v w w b
3
102 1 102
o T
& @
1078 102
== oNB-loT, SE=3, MF
104 L |=#=eNB-oT, SE=2.5, MF 104 | [—#—eNB-IoT, SE=3, SD
—e—cNB-IoT, SE=2.5, SD —&— NB-IoT, SE=3, MF/SD
=—8=—NB-l0T, SE=2, MF/SD === NB-I0T, SE=2, MF/SD
10-5 E L L 1 L L L B 10-5 L L L L L
2 4 6 8 10 12 2 4 6 8 10 12
E,/N, [dB] E,/N, [dB]

Hinh 3.11 So sanh hi¢u ning trong truong hop dung ky thuit SD loai 11
(@) a=0.8 va o =0.67

Trong hinh 3.11 tin hiéu eNB-l0T véi hiéu suat pho 2.5bit/s/Hz c¢6 thé dat dugc hiéu

sudt twong tu tin hiéu NB-10T thong thuong véi hiéu suat pho 2 bit/s/Hz.

Trong hinh 3.12 cho thay rang hiéu suat toi uu c6 thé dat dugc bang viéc giam do

phtc tap bang cach sir dung ky thuat SD loai II.



21

(a) (b)
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Hinh 3.12 So sanh hi¢u ning trong truong hep dung ky thuit SD loai IT
3.4 Pé xuat mé hinh 4p dung tai quan diao C0 t6
3.4.1 Tiém ning dp dung
Cong nghé truyén thong NB-IOT c6 thé ap dung & C6 to dé:
v" Quan ly nong nghiép, xay dung mo hinh néng nghiép thong minh.
v' Quan ly gb rimg, dong vat quy hiém trén dao.
v' Quan ly danh bat thiy, hai san.
v" Quan Iy hién trang cac ddo nho, da ngam.
v’ Xay dung hé thong din dudng, canh bao tau thuyén khi dén gan dao.
3.4.2 M6 hinh gidi phdp qudn Iy thwc thé trén qudn ddio
Céc thuc thé nay s& duoc gin thiét bi, cam bién hd tro NB-IOT dé phan hoi thong tin

vé dinh vi, thong tin vé& cam bién... Tir d6 gitp chung ta quan 1y, gidm sat.

]
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@ | Nhém 2 A [} /’
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Hinh 3.13 M hinh quén 1y thuc thé
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Két luin chwong 3

Noi dung chuong nay tap trung vao 3 giai phap chinh nhim nang cao hiéu ning may
thu dudng tai 1én nhu phan cum theo khoang cach va cudng do truy cap, giap phan bd dir
liéu phut hop va can d6i hon. Giai phap toi wu hiéu suat kénh NPRACH bang cach lya chon
cac gia tri dinh ky phu hop. giup tranh dugc cac xung dot gilta cac ngudi ding ma van dam
bao hiéu qua vé miat hiéu ning. Giai phap ting toc do dit liéu bang cach thay dbi dinh dang
diéu ché hodc dang song tin hiéu khong tryc giao. Cac két qua kiém nghiém cta cac tac gia
khac chting minh dugc hiéu qua cua giai phap. Tir d6 van dung, dé xuit mé hinh vao quan
dao C6 to trong viéc giam sat, quan 1y cac thyc thé trén dao. Viéc chinh phu vu tién 4p dung
IOT trong ndéng nghiép thong minh ciing thé hién su can thiét cua viéc ap dung cong nghé

truyén thong NB-IOT trong tinh hinh thyc té.
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KET LUAN

Quay lai bai toan gia thiét ban dau, muc tiéu cua bai viét 1a tién dé dé xay dung cac
mod hinh quan 1y, giam sat thuc thé & ving siu ving xa, bién ddo... Vi chi phi thap, hiéu
qua cao va thoi gian sir dung lau dai. Su ra doi cta cong nghé truyén thong dién rong, cong
suat 1dp LPWAN mang dén nhiéu giai phap tot. Trong d6 cong nghé NB-IOT cho thiy tiém
nang ap dung, vdi chi phi thép, tde do truyén dit liéu cao, bao mat tdt. Su wu tién cua chinh
phu trong viéc ap dung IOT vao Nong nghiép thong minh, s€ tao co hdi thuan lgi dé dau tu
phat trién NB-IOT cho céac khu vire viing sdu, vung xa, ving hai dao, noi ma cac cong nghé
truyén thong khong diy thong thuong kho trién khai hodc trién khai v6i chi phi 16n. Cac
cong nghé Cellular hay vé tinh 13 giai phap khong kha hiru khi ma chi phi dau tu 16n, nhiéu
tram thu phat va dac biét 1a hiéu qua khong cao.

Luan vin d3 trinh bay nhitng khai niém co ban vé truyén thong LPWAN va cac van
dé lién quan trong chuong 1. Tir viéc phén tich, lira chon giai phap phu hop t6i cac tham sb
danh gia hiéu ning hé théng. Cac muc tiéu thiét ké trong cac ban ban hanh ma td chirc
3GPP di dit ra. Chuong 2 d3 trinh bay chi tiét vé muc tiéu thiét ké may thu, duong tai 1én
NB-1OT va phan tich danh gia cac yéu té anh hudng téi hidu ning nhu khoang cach truyén
dan, mat 6 ngudi dung hay vat can xay dung. Ttr d6 chuong 3 dua ra cac giai phap nang
cao hiéu ning, danh gia cac giai phap qua két qua moé phong (tham khao tir cac tac gia
khéc). Cubi cung 1a d& xuit mé hinh tmg dung & quan dao C6 to.

Huéng nghién ctru cua dé tai trong twong lai 1a xay dung mé hinh ap dung chi tiét tai
quan dao C6 t6, nghién ctru chinh x4c cac yéu t6 anh huong khac nhu thoi tiét, khi hau, mat
d6 thuc thé hay cac yéu t vé kinh té. Tir d6 xay dung mé hinh hiéu qué véi chi phi 1d rang
hodc ¢ thé udc lugng dua trén két qua md phong va kiém nghiém thuc té. Cac giai phap
phan ctng cho céc thiét bi NB-IOT ngudi dung ciling s& dugce nghién ctru va lya chon. Muc

tiéu cuoi cung 1a kha dung & mdi truong thuc t€ va cd hiéu qua kinh té noi bat.



