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Abstract. LoRaWan (long range wide area network) has been rapidly developed and
implemented in recent years. By providing outstanding advantages such as low cost, low power
consumption, high reliability, large number of connected devices, and wide coverage,
LoRaWan is especially suitable for 10T (Internet-of-things) applications. This paper focuses on
estimating the maximal transmission range and relay location of a dual-hop LoRa network.
Unlike other studies that only consider the path-loss and AWGN in the range estimation, this
work takes into account the effects of both co-SF (Spreading Factor) and inter-SF interference
when evaluating the system performance. The SNRs (Signal-to-Noise Ratio) and SIRs (Signal-
to-Interference Ratio) of each transmission hop are derived by using Rayleigh fading channel
model that represents the path-loss, shadowing effect, and multipath fading. The maximal
transmission range and the relay location are estimated in order to meet the SIR and SNR
threshold requirements of LoRa networks. The numerical results of this paper can be used as a
guideline for planning and designing LoRa networks.
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Tom tat. Mang dién rong cdng suat thap truyén cy ly dai LoRaWan (long range wide area
networks) dugc trién khai va ‘phat trién nhanh chéng trong nhimg nam gan day. Vi cac uu
dlem noi bat nhu gla thanh thép, tiét kiém ning luong, do tin cay cao, sé lugng cac thiét bi két
ndi dén mang Ién va pham vi mang rong, LoRaWan dic biét phu hop cho cac ng dung loT
(Internet-of-things). Bai bao thuc hién ude lugng khoang cach truyen dan lén nhat va vi tri dat
tram 13p ciia mang LoRa hai chang. Khong giong nhu cdc nghién ctru khac chi xét dén suy hao
va nhiéu tap am khi udc lugng cu ly truyén, bai bao phan tich cac loai nhieu trong mang LoRa
gom nhiéu gitra cac thict b trong cung mot vung SF (Spreading Factor) va giira cac vung SF
khéc nhau déu duogc tinh dén khi danh gia chat lugng hé thong. Cac chi tiéu ky thuat cia mang
gom ty I¢ tin hiéu trén nhiéu SNR (Singal-to-Noise Ratio) va SIR (Singal-to-Interference Ratio)
dugc tinh toan dung md hinh kénh Rayleigh c6 xét dén suy hao truyen dan, hiéu ung che khuat
va hi¢u ung da duong. Dya vao ngudng yéu cau cua cac chi s6 nay trong quy hoach mang
LoRa, cu ly truyén t6i da va vi t!’l tram lap duoc tinh toan. Két qua cua bai béo co thé duoc &p
dung trong quy hoach va thiét ké mang LoRa.

Tir khoa: Mang LoRa hai ching, SIR, nhiéu noi ving, nhiéu lién ving.

©2021 Truong Pai hoc Giao théng vdn tai

1. PAT VAN PE

Trong nhitng nam gan day, IoT (Internet-of-things) duoc trién khai trong nhiéu linh vyc va
phét trién rat nhanh chong. Céc ung dung IoT doi hoi mang c6 gia thanh thép, tiét kiém ning
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lwong, co do tin cay cao, s lwong céc thiét bi két ndi dén mang va pham vi mang ting 1én. Hién
nay, cac cong nghé c6 kha ning hd trg cho cac wng dung loT gdm Zigbee, Bluetooth va Wifi
cho cu ly ngan, cac mang di dong té bao (3G, LTE, 5G) cho cu ly truyén dai. Bé dap tng yéu
cau hiéu qua cong suat nhu cac cong nghé tam ngén ciing nhu dap tng cu ly truyén dai nhu
mang di dong, cong nghé mang dién rong cong suat thap LPWAN (low-power wide-area
networks) dang 1 diém séng cho céc ung dung loT do c6 kha ning két ndi cu ly xa véi toc do
khong 16n [1]. C6 nhiéu céng nghé LPWAN duoc nghién ctru nhu LoRa, Sigfox, NB-IoT...
nhung LoRaWAN (truyén dan cu ly dai) 1a céng nghé dugc nghién cau va tng dung nhiéu hon
ca[2].

MGt trong nhitng thong sé quan trong dé tdi wu chi tiéu chat lwong mang truée khi trién
khai trong thuc té chinh Ia du doan duoc pham vi pha séng cia mang [2]. Cac thdng sb quan
trong trong tinh toan cu ly truyén ciia mang LoRa gém [1]: i) suy hao dudng truyén phu thudc
vao cu ly, dai tin va cac diéu kién dja hinh, méi truong truyén song, ii) co-SF nhiéu giira cac
kénh truyén trong cting mét viing SF (Spreading Factor) s& han ché tam truyén néu mat do dau
cubi mang (ED) trién khai cao dan dén ty I¢ tin hiéu trén nhiéu SIR giam dudi ngudng cho
phép, iii) nhiéu gita cac ED trong cé4c ving SF khac nhau (inter-SF) do tinh truc giao khong
hoan hao giira cac SF ma da phan cé&c nghién ciu bo qua [3, 4] trong khi nghién cau trong [5]
cho thay nhidu inter-SF anh huong dang ké dén chat lugng duong truyén, dic biét khi nguon
nhiéu & gan may thu.

Céc nghién ciru vé pham vi phu séng cia mang LoRa gan ddy da phan duoc xét cho cu
hinh mang mét ching, nghia 1a chi ¢6 1 ching két ni gitta dau cudi LoRa va Gateway [2, 6, 7,
8, 9]. Bén canh d6, mic du nhiéu co-SF va inter-SF da duoc phan tich trong cac nghién cau vé
danh gia chi tiéu chat luong mang LoRa mot chiang [1] va hai chang c6 tram lap [10] nhung
chua dugc ap dung trong céc nghién ctu tinh toan cu ly truyén dan. Ung dung uéc luong cu ly
truyén trong [6] &p dung cho mang LoRa mét ching véi cac thdng s dau vao gom tan sb séng
mang, hé s6 suy hao, hé sé SF va nhiéu nén AWGN [6]. Tuy nhién cy ly truyén dan nay khéng
dugc xem xét trong mot mang LoRa cau hinh cy thé vai phan bé céc viing SF khéc nhau va anh
hudng cua cac ED trong mang. Trong [9, 11] mé hinh suy hao va chi s6 SNR duoc xem xét dé
tinh toén cuy ly truyén dan cua mang LoRa trong diéu kién truyén dan trong ring khéac nhau.
Suy hao dugc mé hinh hoa va do dac xac nhan tham sé cho cac méi truong truyén dan khac
nhau dé tinh todn quy céng suat va cu ly truyén cua mang LoRa [2, 8]. Nhu vay chi s6 SIR va
nhiéu nhiéu co- SF va inter-SF khéng duoc tinh dén trong cac nghién cau nay khi tinh toan cy
ly truyén.

Bai bao tap trung giai quyét bai toan wéc luong cu ly truyén téi da va vi tri tram l3p cho
mang LoRa vai nhiéu thiét bj dau cudi. Nhiéu giita cac ED trong clng SF va gitra cac SF duoc
xem xét day du trong phan tich tinh todn cac chi tiéu chat lugng hé théng. Mé hinh kénh pha
dinh Rayleigh duoc dung dé tinh cac tham sé cua mang gom SNR va SIR. Tir cac diéu kién
ngudng SNR va SIR cuia cac ED trong mang LoRa, cy ly truyén gita ED xa mang nhat t6i
Gateway duoc tinh todn véi ciu hinh mang LoRa hai ching c6 sir dung tram lap. Cac két qua
khao sat cho thdy néu xét dén nhidu co-SF va inter-SF nghia 1a dung tham s ngudng SIR dé
tinh toan cu ly truyén s& anh hudng dang ké dén cu ly truyén cua mang.

CAu trtic phan con lai caa bai bao gdm: M hinh hé théng mang LoRa hai chang duoc khao
sét tir d6 dwa ra cong thic tinh cac chi s6 SIR va SNR caa mdi chiang duoc trinh bay trong phan
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2. Phan 3 dé xuat cac thuat toan tinh toan cy ly truyén dan téi da ciia mang khi c6 va khéng co
tram lap. Phan 4 1a cac két qua va danh gia. Két luan cua bai duoc trinh bay trong phan 5.

2. MO HINH HE THONG

2.1. Kién tric mang

Xét mang LoRa dudng 1én 1én nhu Hinh 1 [10], trong d6 S 1a thiét bi dau cudi xa nhét két
ndi ¢én Gatway G théng qua tram l3p R. Trong mang LoRa, tlly thudc vao khoang cach tir thiét
bi diu cubi dén Gateway ma chon cac thdng s6 nhu hé sé SF, cong suat phat dé dam bao két
ndi gitra cac ED & céc vi tri khac nhau. Xét mang LoRa duoc chia thanh 6 ving khong trung
|3p ¢6 pham vi nhu nhau SFk véi k € {7,...,12} . Mdi viing dugc 4n dinh cong suét phat va h¢
s6 SF theo quy luat viing cang gan Gateway thi SF va céng suét phét cang nho.
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Hinh 1. Mang LoRa duong Ién.

Ngoai c4c thanh phan S, R va G, mang con gom N céac thiét bi dau cudi (N :Zlk; N, )
v6i N, 12 sb lugng cac dau cudi dong vai tro nhiéu trong ving SFk. Gia thiét vi tri cua tram
lap R V, =(v,,v, ) dat tai vi tri SFo v6i 0 {7,..,12} va c6 thé thay doi. Gia thiét G dugc ¢b
dinh va S 1a diém xa nhat két ndi ¢én G véi cu ly R va c6 hé s6 SF12 nhu trén Hinh 1.

2.2. Tin hiéu va kénh truyén

Pé udc lugng cy ly truyén dam bao céc chi tiéu ky thuat caia mang LoRa, ta phan tich tin

hiéu tir thiét bi dau cudi xa nhat S dén Gateway dudi tac dong caa ca nhiéu bén trong chinh SF

(goi 1a co-SF) va nhiéu giira cac ving SF (inter-SF). Tin hiéu tir S dén G duoc phan 1am hai
ching, chang t nhat 13 tin hiéu tir S d&én R, tin hiéu thu duoc tai R duoc tinh theo cdng thic [1,
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10]:

12 Ny
Yr = \/il (ds,R)hs,RXs +22ZilfR\/Ekl (di,R)hilfRXik,R +Ng 1)

k=7 i=1

trong d6 hg g, th 1a hé s fading nhanh khéng bao gom suy hao theo khoang cach tir S va
tir nhiéu cua ED trong mién SFk dén tram Iip R tuan theo phan b Rayleigh, nghia 1a EDhﬂ =1
. Ham suy hao theo khoang céch 1(d, ), I(d; ) véi d, , 1a khoang cach Euclidean tir X dén Y.
Theo [1], suy hao 1(d,,) =K[max(dX'Y,dc)]_" V6i 771a hé sb mil suy hao dudng truyén,
d, >0 la khoang cach tdi thiéu dé tranh truong hop 1(d, ) tién t6i vo cung (nghiala d, , —0

), &= (2 1 4x)° véi A 1a budc séng ciia song mang. x,, s 1a cac tin higu dugc diéu ché CSS
(chirp spread spectrum) cua S va cac ngudn nhidu i cia viing SFk dugc gia thiét cd cong suét
don vi, nghia 13 B[ |x[*| :EDX;RH _1. Ham kich hoat z, ={0,1} ciia ngudn nhidu ED thir

i trong mién SFk va tudn theo phan bd Bernoulli véi  xac  suit
L .

Pp = ———; Ry = SF, .CR.BW /(2°™) la téc do bit cia ED trong ving SFk nhu trong Bang I. Cac
b "in

ky hi¢u L., T,,CR va BW lan Iwot 1a chiéu dai goi dit liéu, thoi gian trung binh giira 2 goi
dén, ty 1é ma hoa va biang thong truyén dan. P,, P, 1a cong suat phat ciia S va caa cac ED trong
vung SFk tuan theo Bang I. Ky hiéu n, 1a nhiéu tai tram lap.

12 Ny N ~
Can chi y ring trong cong thirc (1), s6 hang > > 7. /R1(d, » )h-X'; thé hign ca nhidu
k=7 i=1

trong cung mot SF (co-SF) va gitra cac SF khac nhau (inter-SF).
Bang 1. bac tinh mang LoRa ¢ BW= 250 kHz va CR=4.5.

Chang thi 2 la tin hiéu truyén tir tram ldp R dén G, tin hiéu thu duoc tai Gateway duoc tinh

nhu sau:

SF | Tocdobit | g [dBm] | P [dBm] Ving cu ly
[kbps] (Network Zone)
10.9 -6 0—>R/6
6.25 -9 R/6—>2R/6
9 3.52 -12 8 2R/6—>3R/6
10 1.96 -15 11 3R/6—>4R/6
11 11 -17.7 14 4R/6 —>5R/6
12 0.6 -20 17 5R/6—>6R/6
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12 Ny
Vo = APal (drc )X + 2.2 Zia /Rl (Y )Mo Xis + Mg )

k=7 i=0
voi P, =P,,0¢ {7,...,12} la cong suat phét cua tram l3p R, gia tri cua Po dwoc cho trong
bang 1; h ., h's 1ahé sb fading nhanh tir R va tir ngudn nhidu thir i cua SFk dén Gateway; X,
X' 1a tin higu giai diéu ché cua S tai R va tin hi¢u ciia ED tha i trong mién SFk; ng 1a nhiéu
AWGN tai G; x/ la ham kich hoat.
Tir phan tich tin hiéu trong mang LoRa ta tinh dwoc c4c chi s6 SNR caa tin hiéu truyén tir
X dén Y theo cong thuc
SNR,, = Pul (A I | 3)

2
Oy

trong d6 Px 1a cdng suét phét cua nit X; o 1a nhiéu tai may thu Y, I(d, , ) 1a suy hao va |h, ‘2
1a d6 loi kénh truyén tir X dén .

Hé s SIR ctia cac goi giri tir nlt X cta viing SFo, 0 €{7,...,12} dén nit Y chju anh huéng
cé4c nhiéu tir SFx 0 € {7, ...,12} duogc tinh nhu sau:

2
SIR,, = ;Xl(d”)‘h”‘ 4

Zklpkl (di,Y )‘hi,Y ‘2
i=1

voi NO=[ piN, | Ia s6 lwong ED kich hoat trong viing SFk; R,,1(dy ).[h ‘2 lan Tuot Ia cong

suat phat, hé s6 suy hao va do loi kénh truyén cua nguén nhiéu ED thi i tir SFk dén may thu Y.
Trong phan 3, khoang céach truyén dan tir S &én G va vi tri tram lap s& duoc tinh toan dua
trén diéu kién ngudng cua céc chi sé SNR va SIR.

3. TINH CU LY TRUYEN VA VI TRi TRAM LAP

Trong mang LoRa, mét goi hoat dong trong ving SF,, 0 € {7,...,12} dugc xem la giai ma
chinh xé&c néu thoa mén dong thoi hai diéu kién sau:

i) SNR I6n hon gia tri ngudng do V&i qo cho trén bang 1.

ii) SIR cua cac goi khac nhau tir cung mot SF hoac tir cac SF khac phai 1én hon gia tri
ngudng A, (dB) véi o,k € {7, ...,12} [12]. Gia tri A, . 1a phan tir thusc hang o va cot k dugc
ldy trong ma tran sau:
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SF7 SF8 SF9 SFlO SF11 SF12

S| 1 8 9 9 9 9

SRy -11 1 -1 -12 -13 -13
A —SR|-15 18 1 13 -14 15 5)
[0B] ™ sFy| -19 -18 <17 1 17 -18

SRyl 22 22 21 20 1 20

SR, 25 25 -5 24 -3 1

3.1. Tinh cy ly truyén t6i da khi c6 tram lip
Dé tinh cy ly truyén t6i da khi c6 tram Iap thi vi tri tram Iap, S va G phai thoa man céac
diéu kién sau:
e Diéu kién ¢am bao SNR ngudng
SNR , > G ;& SNRy >, (6)

do S ludn & vi tri xa nhét ciia mang nén g . ludn 1a g,,, vi tri R dang xét c6 thé thay doi
& mot trong cac vang SF dat nén g, thay doi.
e Diéu kién dam bao ngudng SIR
v' Ngudng SIR do nhiéu trong cliing SF co-SF
SIRTLT 2 AT va SIRFE™ > ATG™ Y
SIR cua 2 chang déu phai 16n hon ngudng, giatri AY," , X €{S,R}, Y e{R,G} tuy thudc
vao viing géi dit liéu dugc giri di; hon nita AY,™ cling la thanh phan duong chéo trong ma tran
A. Vi dy néu géi gui tir S & vang SF12 thi A" =A,,,,, tuong ty Vi ching tha hai co
APSF = A, Vi 0e{7,K 12}
v' Ngudng SIR do nhiéu tir cac SF khéc inter-SF
SIRYE ™ > AYE " va SIRFESF > ARe—F (8)
cac gia tri AYY *Ftly thuoc vao SF cua goi mudn nhan va goéi nhidu, ta co
AST = A, kelT,., 11 va ATSF =A,, k=0;0,ke{7,..,12}
v' Ngudng SIR do ci nhiéu co-SF khéc inter-SF
SIR¥ > AR va SIRYZ> A ©
cac gia tri SIR can dam bao ca ngudng co-SF va inter-SF tir S dén R va tir R dén G, céac gia
tri ngudng AL = Ay, ke{7,...,12}va AT =4, ke{7,..,12}
Chuong trinh findDmaxWithRelay thuc hién tim cy ly truyén t6i da Dy, gilta SVva G
va vi tri tram lap tuong tng X | ey duoC MO ta theo doan ma gid dudi day véi cac tham $6

dugc mo ta trong Bang 2.
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Bang 2. Tham s trong chuong trinh findDmaxWithRelay.

Ky hi¢u
tham so
Xa Vi tri tram I3p i k chay @& x , €[d..x, ., ]

Y nghia

d,, A, V& Ap_ | Lan luot & vi tri ngan nhat, budc ting cia Xgva Dy, trong vong for
D

Cu ly truyén t6i da tai vi tri tram Iap X,

SG,k (max)
Ds6 ma Cu ly truyén l6n nhét trong cAc Dgg |, ey VA Vi tri tram 1ap twong g Xg | nay
PROCEDURE findDmaxWithRelay
Begin
Xp=de; A, =200m; Ay =200M; Dgg iy yme =10%g;

DSG =[1; % ma tran rng
for XR_k = dC tO XR (max)
Dseyk = [ ] ; % ma tran rdng

for D =d, to D

SG(xg _k)_m SG (xg ) max
if (SNR; > ,and SNR; >q,and SIRZR > AXY and SIRYE > AYE)
DSG_k,m = DSG(XR_k)_m ;
else if
DSG_k,m =0;
endif
DSG,k = |:DSG,k s DSG,k,m:I ; % ghép ma tran
endfor

DSG'k(maX) =Mmax (DSG_k); % cy ly 16n nhit véi vi tri tram lap R K

DSG = I:DSG ) DSG,k(max) :I ;% ghep ma tran

endfor
DSG(max) = max( Dse) ;

end
3.2. Tinh vi tri tram Lip dé dam bao cw ly truyén nhét dinh

Dé quy hoach mang thuan tién hon, bai bao xay dung chwong trinh findRelayLocation thuc
hién cac vi tri dat tram lap véi mot cu ly truyén xac dinh Dsc, tap két qua tra vé 1a cac vi tri
tram 13p X, théa man cac diéu kién vé SNR va SIR nhu trong cong thic (7) va (9). Thuat toan

nhu sau:

PROCEDURE findRelayLocation
Begin
A = 200m ; XR (max) = Dsc — dc

X

XR = [1; % ma tran réng
for XR k= dc to Xr (max)

if (SNR; > g .and SNR; >q,and SIRZR > Ay and SIRYE > AYE
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Xg = [XR ) XR_k]; % ghép ma tran
endif

endfor
End
3.3. Tinh cw ly truyén t6i da khi khéng c6 tram Lip

Dé so sanh hiéu qua cua viéc sir dung tram lap trong viéc mé rong pham vi truyén cua
mang LoRa phan nay s& tinh cu ly truyén téi da khi khong dung tram lap. Cu ly truyén téi da
khi khéng c6 tram 13p Dscmax) 12 cu ly 16n nhat ma tai d6 thoa man cac diéu kién sau:

e Diéu kién dam bao SNR ngudng:

SNR ¢ >0 ¢ (10)
do S ludn ¢ vi tri xa nhat ciia mang nén g ludn 1a d,, .

e Diéu kién ¢am bao ngudng SIR cho ca nhiéu co-SF va inter-SF:

SIRge > Agg (11)
voi ASE =4y, kelT,..12}

Chuong trinh findDmaxWithoutRelay thyuc hién tim Dsgmax) dugc mo ta theo doan mé gia
dudi day véi d_1a cu ly toi thiéu xét, A, 1a bude tang dan Ds khi thoa méin cic diéu kign vé
SNR va SIR, co flag=0 khi cac diéu kién SNR va SIR khong con thoa man va cu ly da dat toi
da.

PROCEDURE findDmaxWithoutRelay
Begin
Dsc=dc; flag =1; A, =200m;
while (flag)
if (SNR, > g, cand SIRYE > ALY ) then
Dsc=Dsc + Ay ;
else
DsG (max) = Dsc ; flag =0;
end if
end while
End
4. KET QUA MO PHONG

Phan nay dua ra cac két qua mo phong tinh toan cu ly truyén tdi da va vi tri tram lap cho
mang LoRa v&i mé hinh mang nhu hinh 1 va kich ban c6 tram lap va khéng c6 tram Iap théng
qua md phong Monte Carlo. Cac thong s6 md phong duoc thuc hién véi BW =250 KHz,
n=3, f,=868MHz, L, =10byte, T, =60s, ED=10° vaCR=4/5.

Hinh 2 thé hién két qua khao sat SNR giita S va G khi khong sir dung tram lap. Cin cir vao
két qua trén ta thiy néu khong xét dén nhidu SIR ma chi xét dén diéu kién SNR thi cy ly tbi da
dat duoc gitra S va G 12 9.8 km. Dé xét anh hudng cua SIR 18n cuy ly truyén tdi da, chay chuong
trinh findDmaxWithoutRelay d& xuét trong phan 3.3 cho két qua cu ly truyén tdi da dat duoc 12
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8.2 km. D& minh hoa cho két qua, hinh 3(a) trinh bay két qua SIRsc khi cu ly truyén 1a 8.2 km,
ta nhan thiy SIRse dam bao diéu kién ngudng SIR nhu thé hién trong ma tran cong thic (5).
Véi cu ly truyén 8.4 km vuot qué cy ly truyén tdi da dat duoc, didu kién ngudng SIR nay khong
duoc dam bao thé hién & ving (zone) 6 ¢ SIRsg = -10 dB < 1 dB theo gi4 tri ngudng nhu két
qua thé hién trén hinh 3 (b).

Néu xét dén diéu kién SIR thi cu ly téi da dat dugc 1 8.2 km, thip hon dang ké so véi chi
Xét chi tieu SNR. Nhu vay khi tang cu ly vuot qua 8.2 km, diéu kién vé ngudng SIR trong cong
thire (11) s& khong duoc dam bao. Két qua trén Hinh 3 (b) caa SIR cho thiy khi tang cu ly 1én
8.4 km s& dan dén diéu kién vé ngudng SIR SIRYG > A%Y, =1dB trong mién SF12 (nghia 1a

viing cu ly 5R/6 > R xa Gateway nhat) khong dugc dam bao. Ly do 1a do suy hao truyén dan
tang khi tang cy ly truyén dan dén cong suat tin hiéu nhan duoc tai G giam, 1am giam ty 1& SIR
nhu cong thic (4).
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Hinh 2. SNR giira S va G theo cu ly truyén.
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Hinh 3. () Két qua SIR tai cy ly truyén t6i da 8.2 km.
(b) Keét qua SIR tai cy ly 8.4km (xa hon cu ly truyen toi da).

Hinh 4 13 két qua tinh cu ly truyén dan téi da vai cac vi tri tram Iap cd thé dat dé thoa man
ca diéu kién va SIR va SNR trong cong thirc (6) va (9). Theo két qua cu ly truyén tdi da dat
dugc khi khdng c6 tram 13p 12 8.2 km thi vi tri caa tram lap khong thé dit xa hon 8.2 km. D6
d6, hinh 4 chi khao sat vai vi tri tram 13p nho hon 8.2km. Thuat todn trong phan 3.1 s& tim tat
ca céc cu ly truyén tdi da ung voi cac vi tri tram lip trong khoang 8.2 km. Tir két qua cho thiy
cu ly tdi da cia mang LoRa dat 12.72 km tai vi tri tram 13p xr = 6.6 km. Két qua nay ting 1én
dang k& so vai cu ly 8.2 km khdng diing tram 13p. Tai vi tri Xr = 7 km, khi ta khao sat dén
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Dsc > 10 km thi diéu kién ngudng (cho ching RG, Ilc nay c6 drc > 3 km) khong thoa
man nira nén cu ly truyén 16n nhat Dsc 1 10 km. Can lwu ¥ rang tai bat ky khoang cach
nao thi mé hinh mang van tuan theo hinh 1, nén cac két qua khong chi xét dén cyu ly ma
con xét dén vi tri tram lap dang thudc SF ndo tng véi cu ly d6 nhu trong bang 1. Vi tri
cua tram 1p cang gan G thi cong suat phét cang thap va mirc ngudng go cang cao. Phan
tich cu thé hon két qua trén Hinh 4 ta nhan thy, khi tang vj tri dat tram l3p qua xa S ( nghia la
XR > 6.6 km) thi suy hao truyén dan tir S dén R s& Ion 1am giam cong suat tin hiéu hiéu cé ich
dan dén anh huong cua co-SF va inter-SF nghiém trong hon nén giam cu ly truyén téi da dat
duoc, va khi xg > 7.8 km thi diéu kién ngudng SIR khong con thoa man.

Dé 1am rd anh huéng cua nhidu co-SF va inter-SF, Hinh 5 1a két qua cu ly truyén tdi da
néu chi xét diéu kién vé SNR nhu trong cong thuc (6), nghia 1a khong xét dén nhidu co-SF va
inter-SF. Két qua cho thay nhidu co-SF va inter-SF khong gay anh huong nhiéu dén cu ly truyén
t6i da nhung anh hudong dén vi tri @it tram 13p do khi ting vi tri dat tram I13p qué xa S thi suy
hao truyén dan tir S dén R 16n 1am giam c6ng suat thu dugc tai R dan dén anh huong cua co-
SF va inter-SF nghiém trong hon. Néu chi xét dén diéu kién ngudng SNR, c6 thé dit vj tri tram

l3p 18n t6i 9.8 km so véi 7.8 km khi xét dén anh huéng caa ca nhiéu co-SF va inter-SF.
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Hinh 4. Cu ly truyén dan téi da véi cac vi tri dat tram ldp khéc nhau xét ca diéu kién SIR va SNR.
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Hinh 5. Cy ly truyén dan t6i da véi cac vi tri dat tram lap khac nhau chi xét diéu kién ngudng SNR.
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Hinh 6. Két qua SNR v&i cac vj tri dit tram lap khac nhau & cy ly truyén 10 km.

Hinh 6 1a két qua SNR véi cac vi tri dit tram 13p khac nhau ¢ cu ly truyén 10 km. Dé dam
bao diéu kién ngudng SNR trong (6) thi vi tri tram lap c6 thé dit trong khoang tir 5 km dén
9.8km. Tuy nhién, néu xét dén diéu kién SIR trong cong thirc (6) thi vi tri tram lap co thé dat
trong khoang tir 5 km dén 6.17 km so véi S. Tuong tu, &p dung vai cy ly truyén 12 km thi vi
tri tram 1ap c6 thé dat ¢ vi tri tir 6 km dén 8 km so véi S.

5. KET LUAN

Bai bao di str dung cau hinh mang LoRa gom 6 viing SFk va mo hinh kénh truyén Rayleigh
dé phan tich tin hiéu ciing nhu tinh toan cac chi s6 chat lugng hé thong géom SNR, SIR. Cin cir
vao céac diéu kién ngudng SNR va SIR ctua mang LoRa xét trong cling mot ving SF (co-SF) va
giira cac ving SF (inter-SF), cu ly truyén dan tbi da va vi tri tram lap duogc tinh toan. Cac két
qua cho thay viéc dat thém tram lap & vi tri phd hop ¢d thé mé rong pham vi truyén ciia mang
LoRa. Céc két qua va thuat toan dé xuét trong bai bao ¢ thé 4p dung trong qua trinh quy hoach
va thiét ké mang LoRa ban dau trudc khi trién khai thuc té.
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