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TRUYEN THONG VO TUYEN 6G:
CACDPACPIEM KENH TRUYEN DAN
O BANG TAN TERAHERTZ

® POAN BAO SON

TOM TAT:

Théch thic clia viéc gia ting luu lugng truyén thong do sy trao ddi thong tin 16n ddi hdi sy cai

ti€n mang tinh ddt phd vé tdc do truyén dit liéu trong cdc hé thdng truyén thong vo tuyé&n hién tai

va tuong lai. Mang truyén thong 5G dugc trién khai hién tai sé khé ddp ng yéu ciu vé toc do dir

lieu va do tré cuc thap clia cac ting dung nay. Nhitng th4ch thitc ndy dudc coi 12 dong luc quan trong
d6i v6i su phat trién ctia hé thong truyén thong trong ky nguyén mdi ciia mang vo tuyén (mang thé
hé thit sdu, 6G). Truyén thdng terahertz (THz) 12 cdng nghé chi chdt cia 6G va c6 trién vong ting
dung rong rai. Nén tang dé thi€t k€ mot hé thong truyén thong khong day trong phd tin mdi va moi

trudng méi 1a cac kénh vo tuyén, nén cin phdi c6 cic nghién citu vé cdc kénh truyén vo tuyén THz

cho cic mang truyén thong tuong lai 6G. Bai bio nay xem xét va phan tich cic dic diém truyén

din chinh ctia hé thong truyén thong vo tuyén 6G.

T khéa: bing tan terahertz, mo hinh truyén din, truyén thong terahertz, vo tuyén.

1. Dit van dé

Sau khi trién khai thuong mai mang th& hé thi
nim (5G)/ti€p sau 5G (beyond 5G - B5G) vé6i quy
mo 16n, ngudi ta di bit diu xem xét rong rdi hé
thong thong tin di dong thé hé thit sdu (6G). Mang
6G dudgc ky vong sé ti€p tuc mang lai nhitng thay ddi
16n d6i v6i sdn xuat va ddi sdng clia con ngudi. Cong
nghé Terahertz (THz) va 4nh sang kha ki€n c6 thé 1a
cd s& @€ 6G st dung cic tai nguyén phd tin méi
cling nhu phuong phip diéu ch&€ méi clia mdmen
dong lugng quy dao, c6 kié€n tric 3D va quan ly tinh
di dong thong minh d& mé rong pham vi phli séng
dura trén sy tich hgp thong tin di dong mat dit va vé
tinh [1]. Mic du truyén thong séng milimet
(mmWave) (30 - 100 GHz) da dugc chinh thic phé
duyét trong cdc mang di dong 5G gan day, nhung n6
khé hd trg toc do dit liu & mitc Tbps vi biang thong
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20 GHz c6 sdn clia né. Truyén thong terahertz (THz)
dugc coi 1a mot cong nghé chinh dé dép ing cdc nhu
cAu trong tuong lai ddi véi mang 6G [2]. Cong nghé
truyén thong THz dang phat trién nhanh chéng va c6
nhitng cdi ti€n trong linh vyc anten va kién tric bd
thu phat 1am cho né ti€n gin hon véi thuc t&. Phd tan
THz c6 thé dugc xem 1a khic phuc cic van dé lién
quan dé&n sy khan hi€m phd tin va gi6i han dung
luong cta cac hé théng vo tuyén hién tai [3]. BEé
hién thuc héa mang 6G v§i nhitng xu hudng méi nay
va khdi tao cong nghé, cac kénh vo tuyén 6G cd ban
cAn dudc nghién ctiu toan dién, vi cdc kénh nay la
nén tang cho thi&t k& hé thong, t6i vu h6a mang lusi
va dénh gia hiéu suat cia mang 6G [4]. Vi vay,
nghién ctu ndy xem xét va phan tich hé thdng
truyén thdng vo tuyén 6G chi yéu tip trung vao cic
dic diém cta kénh truyén dan.
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2. Céc chi so hiéu qua chu yéu cua
mang 6G

Trong cdc mang v tuyén hién nay,
cdch thic tao ra, chia sé va st dung cédc
cong nghé thong tin va truyén thong sing
tao da kich thich sy cai ti€n mang tinh dot
phd vé téc dd truyén dit lieu. Toc do dir
liéu cao nhat dy ki€n dat 10 Gbps trong 5G
va lién tuc dudc cdi thién. Bén canh do,
nhd sy hip din clia mo hinh Internet of

Hinh 1: Céc yéu cau déi véi céng nghé
vé tuyén 6G (7)
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Things (IoT), k&t ndi khdng diy cho phép
mot s6 lugng 16n thi€t bi duge k&t ndi & moi
ndi trong tuong lai. Theo xu huéng nay, cic
tuy€n Terabit trén gidy (Tbps) du ki€n s&
trd thanh hién thuc trong thiap ky téi [5].
Mang 6G sé& hd tr¢ cdc dich vu niang cao
nhu 4nh 3 chiéu di dong c6 do trung thuc
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BAng 1. Su'ti€n héa tii cdc hé théng vé tuyén
5G dén 6G (8)

cao va sao chép ky thuat s6. TAt ca cdc dich

vu niy déu yéu ciu toc do mang va do én Céc chi s& hiéu qua chi yéu (KPI) ‘ 5G ‘ 6G
dinh ma hé thdng 5G khong thé cung cap. Dung Iuong (Capacity)
Dbé dap tng cac dich vu nay, c,ﬁn phdi thda T6c d6 dinh (Gbps) 20 1000
man 3 tham s6: hi€u suat, ki€n tric va do —
tin cay [6]. Tbc dd trai nghiém (Gbps) 0,1 1
Céc yéu cAu doi véi cong nghé vo tuyén Hiéu su&t phé dinh (b/s/Hz) 30 60
dudc 6G hi¢n thyc héa thong qua qud trinh " gy o4 506 tri nghiem (b/siHz) 0,3 3
phét trién 5G dugc thé hién trong Hinh 1. : :
Cling v6i cdc yéu cau cao hon clia 5G, cic Bang thong kénh cyc dai (GHz) 1 100
yéu cau mdi chua dudc xem xét trong 5G Dung lugng luu lugng viing phi (Mbps/m2) 10 1000
da dudc bo sung va ching dugc m rong  "yiat 45 et o (devices/km?) 100 | 107
hon. Hon nira, cling nhu v6i 5G, khong phai —
t4t cd cdc yéu ciu déu cin dugc ddp dng B tré (Latency)
cling mot lic, nhung sé& can c6 su lién két Do tré End-to-end (ms) 1 0,1
céc yéu cAu méi ddi v6i cac dich vu mdi T Jitter (ms) NA 10°
trong tuong lai [7]. —
Viéc thi€t k&€ hé thong mang 6G dya | Quanly(Management)
trén cdc chi s6 hiéu qua chinh (KPI). Céc Hiéu suat nang lugng (Tob/J) NA 1
gid tri dy kién da xuat hién trong thuc ~té’ Do tin cay (Ty 18 161 go) 105 109
gan day khi B phan Ti€u chuan héa Vién —
thong ctia ITU (ITU-T) dang thuc hién trén | Khanang didong (km/h) 500 | 1000

mot tAp hdp cac khuyé&n nghi chinh thitc cho

céc chi s6 KPI [8]. Bdng 1 cho thiy cic gi4 tri ndy
va ddi chi€u chiing vdi cdc chi s6 lién quan dén 5G.
Cac KPI nay déng vai tro 1a thuSc do co ban dé
ddnh giad hiéu qud hé thong. Pic biét, ching ta
quan tAm dé&n c4c loai KPI sau day [8]:

1) Dung luong hé thong (System Capacity): Loai
KPI nay chii y&u dé cap dén cic s lieu lién quan
dén thong lugng hé thong. Toc dd dit liéu cao nhat,
toc do dif liéu trdi nghiém, hiéu sudt phd dinh, hiéu

suat phd trdi nghiém, bang thong kénh t5i da, dung
lugng luu lugng truy cap khu vuc va mat do két ndi
12 cdc chi s& trong 16p nay. Trong trudng hgp nay,
céc chi s& vé tdc dd dit lieu trdi nghiém va hiéu suit
phd dé cap dén céc gia tri phai dugc ddm bio cho
95% tat ca céc vi tri cia ngudi ding.

2) o tré hé thong (System Latency): Chi s6 do
tré tir diu dé&n cudi, cling véi do jitter tré 12 cac chi
s0 trong loai KPI nay. Jitter 1a mot KPI méi cho 6G
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dé dinh lugng céc bi€n vé do tré trong hé thong va
n6 khong duge dé cap trong cic hé thdng 5G.

3) Qudn ly hé théng (System Management): Loai
KPI nay chi yé€u lién quan dén cdc so liéu chi ra
viéc quan Iy va diéu phdi mang nhu hiéu qua ning
lugng, dd tin cay va tinh di dong. Pic biét, mang
6G gidi thiéu hiéu suit ning lugng muc tiéu la 1
Tb/J trong khi hé thdng 5G khong chi dinh KPI muc
tiéu cho chi s& hiéu qua ning lugng.

3. Truyén thong terahertz

3.1. Bdc diém ciia bing tdn terahertz

Truyén thong terahertz (THz) la mot trong
nhitng cong nghé quan trong nhat cia hé thong 6G
va ¢6 trién vong tng dung rdng rii. Bén canh do,
di tan rong, tdc dd cao, khd ning dinh hudng tot,
bdo mit cao, tdn xa thap va thAim nhap ot 1a nhitng
dic diém cha tin hiéu terahertz. Dai tdn 0,1 - 10
THz c6 nhiéu tai nguyén phd tiém ning hon va dai
tan siéu rong cho truyén thong tdc do siéu cao, dic
biét, c6 thé gidm bt sy khan hi€m phd va gidi han
dung lugng clia cdc hé thong truyén thong khong
day hién c6 [9]. Hé thong THz thuan tién hon cic
ddi tAn khdc & chd c6 bing thong doi dao. Tuy
nhién, viéc chuyén sang cic tin s& cao hon c6 xu
huéng bi han ché. G tin s6 THz: a) suy hao dudng
truyén va phan xa cao, b) d6 sin sang cla cic
tuyé€n Line-of-Sight (LoS) mang tinh ngiu nhién,
va ¢) sy hap thu phan t. Suy hao dudng truyén va
phdn xa 12 nhitng dic tinh v&n c6 clia cc tn s6 tin
hiéu cao hon. Trén thuc t€, nhitng suy hao nay
tuong tv nhu & tin s& mmWave, nhung ching 1
rang hon & tin s6 THz. Mic dii, sy hdp thu phan ti
va céc tuy&n LoS hep c6 gidi han c6 cdc dic tinh
chinh dic biét doi vdi dai THz [10]. Dung lugng clia
truyén thong di dong 6G s& dugc ting Ién bing

cach thém bing tin THz (275 GHz - 3THz) vio
biang tin mmWave (30 - 300 GHz). Biing tin trong
pham vi 275 GHz - 3 THz van chua dudc phan bd
cho bat ky muc dich nao trén toan th€ gidi; do do,
bing tin ndy c6 tiém ning dat dudc tdc do dit lieu
cao mong mudn. (Hinh 2)

3.2. Su khdc bigt so véi truyén thong trong cdc
bdng tan thong thuong

Truyén thong & tin s& mmWave/THz khic biét
déng ké so v&i truyén thong & tan sd vo tuyén thong
thudng. Pidu nay lién quan d&n cic yéu td chinh
nhusau[12]:

1) Tdc nghén tin hiéu (Signal Blockage): Kha
nang bi nghé&n tin hi¢u mmWave/THz cao hon cdc
tin hiéu & tin s6 thdp hon. Truyén thong
mmWave/THz chi yéu dua vao su sin c6 clia cic
tuyé&n tAm nhin thing (LOS) do dic diém lan truyén
rit kém ctia cdc tuy&n khong theo tAm nhin thing
(NLOS) [13]. Nhitng tin hi€u nay c6 thé dé dang bi
chin bdi cdc toa nha, xe ¢d, con ngudi va thaim chi
ca tan 14. Mot sy tic nghén duy nhat c6 thé din dén
suy hao 20 - 40 dB. Hon nfra, cac tin hiéu
mmWave/THz ciing bi tv tic nghén do ban than
ngudi st dung giy suy giam khodng 20 - 35 dB
[14]. Do d6, can phai ddnh gi4d dnh huéng cia tic
nghén trong cic md hinh phan tich mang truyén
thong vo tuyén mmWave / THz [12].

2) Hudng tinh cao (High Directivity): Huéng tinh
cao 12 tinh ning chinh thi hai clia truyén thong
mmWave/THz. Suy hao dudng truyén & cic tan so
cao nay c6 thé dugc khic phuc bing cich st dung
mot s6 lugng 16n cdc anten & phia mdy phat va /
hoic phia may thu [13]. Pic biét, c¢6 thé sit dung
mot s6 lugng 16n céc anten & dang nhd, vi anten &
cdc tin s& nay nhd hon cdc anten & tin s6 thong

Hinh 2: Phé tan va budc séng cla séng teraheriz (11)

3Hz 300MHz 30GHz 300 GHz

Frequency 3THz

 Radio ~ Microwave Infrared , Visible Ultraviolet X-Ray ., Gamma-Ray
I ' mm Terahertz ! ! ' ' !
Wavelength  10°m 1m 10mm 1mm 0.1 mm 700 nm 390nm 10 nm 0.01 nm

Radiation Type Wﬁ

30 PHz
Peta: 107

430 THz 730THz

30 EHz
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thudng do budc séng nhd hon. Mot mang anten 16n
dugc sit dung d€ thiét l1ap tuyén truyén thong c6
huéng tinh cao. BJ 1gi dinh dang chiim cao c6 do
rong chiim tia nho lam ting cudng do tin hiéu cta
céc tuyé&n phuc vu trong khi nhiéu dugc gidm & cic
mdy thu. Tuy nhién, hudng tinh cao ciling gay ra van
dé “deafness” va do tré.

3) Hép thu khi quyén (Atmospheric Absorption):
Khi séng dién tir lan truyén trong khi quyén, cic
phan ti ctia cac thanh phan khi quyén bao gdm oxy
va nu6c s& hap thu chiing. Do dé, suy hao dudng
truyén 12 khé tranh khdi. Nhitng tdn thit nay 16n
hon & mot s6 tan s& nhat dinh, triing véi tin s6 cong
hudng cd hoc ctia cac phan i khi [15]. Trong dai
mmWave va THz, suy hao khi quyén chii y&u 12 do
cdc phan tif nudc va oxy trong khi quyén, tuy nhién,
khong c6 dnh hudng ndi bat clia suy hao khi quyén
§ céc tan s6 microwave. Nhitng suy hao nay tiép
tuc han ché& khodng cich truyén mmWave/THz va
gidm vung phid séng cla ching. Do d6, hé thong
thong tin THz yéu cAu quy hoach tram gdc day dic
hon nhiéu [12].

4.Pic diém kénh truyén séng

4.1. Cdc kénh truyén din mmWave va terahertz

Séng milimet (mmWave) c6 dii tin 30 - 300
GHz va terahertz nim trong ddi tin 0,1 - 10 THz.
Do d6, bing tan 100 - 300 GHz c6 mot s§ dic diém
chung v6i mmWave va terahertz, nhu bing thong
16n, huéng tinh cao, suy hao dudng truyén 16n, hiéu
ting tic nghén, hap thu khi quyén va tin xa khuéch
tdn nhiéu hon [16]. Trong khi, mmWave dudc dé
xuat dé dat dugc toc do truyén dit lieu cip gigabyte
trén gidy 1én dén vai trim mét vdi bing thong vai
gigahertz, terahertz dat dugc toc do truyén dit liéu
cap terabyte trén gidy 1én dé€n hang chuc mét véi
bing thong vai chuc gigahertz. Cic tan s6 THz c6
suy hao dudng truyén, hap thu khi quyén va tin xa
khué&ch tédn cao hon so v6i cdc ddi mmWave. Kénh
mmWave di dugc ddnh gid & mot s dai tan dién
hinh, d6 1a dai tan 26/28-, 32-, 38/39-, 60- va 73-
GHz. [4].

Theo 1y thuyé&t thong tin vo tuyén, khi sit dung
cidc anten c¢6 do lgi khong dai, suy hao dudng
truyén trong khong gian tu do ting véi f2, trong d6 £
12 tAn s& séng mang va giam véi £2 khi st dung céc
anten c6 dién tich khong d6i & ca 2 dau cudi. Do do,
cdc anten c¢6 hudng tinh cao c6 thé giy ra suy hao
duding truyén trong khong gian ty do d6i v6i mot hé
s0 hinh thifc nhit dinh. Piéu nay da thic ddy nhu

cAu vé miang MIMO 16n & tin s6 mmWave va
mang MIMO siéu 16n & tin s& THz. Trong dai
mmWave, khi quyén c6 thé hip thu (tiy thudc vao
f), lam suy gidm tin hiéu nhan dugc du6i dang
exp(??atmd), trong d6 d la khodng cdch gitta tram
gdc va thi€t bi clia ngudi ding. Hé s6 suy hao,
?%atm, phu thudc vao f, ciing nhu cic diéu kién khi
quyén, ching han nhu suong mi va mua. Suy hao
khi quyén trong d4i THz cao hon nhiéu so vé6i dai
mmWave [17].

4.2. Mo hinh kénh trong ddi terahertz

Trong dai THz, cdc dic tinh cla kénh kha khac
biét so v6i cdc dic tinh clia dai tin thAp hon
(mmWave vi cmWave) va cao hon (hdng ngoai va
4nh sdng nhin thay). Do d6, mic dit cdc md hinh
kénh tin s§ thidp hon da dugc dé xuit [2], nhitng
phuong phap nay khong thé 4p dung cho cic kénh
THz ma cin dudc stta ddi va diéu chinh dé mo ta
chinh xédc cdc dic trung cla tin hiéu terahertz, bao
gdm cdc hién tugng hip thu phan tif manh va két
qué 1a céc cira s6 quang phd thich tng vé6i cu ly
[18], chon loc tAn s6 va tao ra cac hiéu ting m& rong
thdi gian [19]. C4c phuong phdp nghién ctru cho md
hinh kénh vo tuyén vat Iy c6 thé dugc phan thanh
cidc phuong phédp ti€p can xdc dinh, ngiu nhién
(hoic thdng ké) va két hop.

- Phuong phép xédc dinh gidi quyét (gan ding)
cac phuong trinh Maxwell trong mdt moi trudng
nhat dinh va cé thé dat dugc do chinh xdc cao,
nhung can dif liéu chi ti€t vé dang hinh hoc va dic
tinh dién tir (hiing s6 dién moi, hé s6 suy hao) cla
mdi trudng va c6 do phtic tap tinh todn cao [2].

- Cdc md hinh kénh thong ké chi yé&u dva trén
cdc phép do va mo ta cdc loai moi trudng (vi du:
mdi trudng vdan phong trong nha) hon 1a cdc vi tri
cu thé. Trong khi viéc tham s& héa cic mo hinh
nhu vy tir cic phép do doi hdi nhiéu cong stc,
viéc tao ra cdc md hinh thyc c¢6 do phic tap thip
hon nhiéu so véi cdc mé hinh x4c dinh. Do d6, cic
md hinh kénh xac dinh phu hgp cho viéc quy hoach
trién khai, trong khi cic mo hinh théng ké thich
hgp cho viéc phat trién va thit nghiém cdc hé
thong khong day.

- Cdc mo6 hinh kénh hdn hop, két hdp cic
phuong phép xdc dinh va thdng ké ¢6 su can biing
gitta do chinh xdc va hiéu qua. Vi du, cdc dudng
truyén vu thé trong phd THz, ching han nhu LoS
va cdc dudng truyén phin xa, dugc ghi lai riéng 18
dva trén phuong phdp xdc dinh, trong khi céc
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dudng truyén din khdc, ching han nhu dudng
truyén din tdn xa va nhiu xa, c6 thé dudc tao ra
theo thong ké [2].

4.3. M6 hinh suy hao truyén dén tai cdc tdn so
mmWave va THz

Céc dic tinh mic d6 rong, bao gdm suy hao
dudng truyén va fading che béng, dic trung cho sy
bi€n ddi clia cong sudt thu khi vi tri cia mdy phat
(Tx), mdy thu (Rx) hoic ci hai, thay ddi. Hién
tugng fading che béng, thudng 1a do su che chin
clia cdc chuéng ngai vat, mo ta sy thay ddi cong
suat thu (khi dugc tinh trung binh trén fading & quy
mo nhd) xung quanh suy hao dudng truyén. Suy hao
dudng truyén c6 thé do mot hoic nhidu tic dong
vat Iy gy ra 4nh huéng dén cdc thanh phian da
dudng khic nhau truyén tir Tx d&én Rx. Nhitng hiéu
tng nay, nhu suy hao dudng din trong khdng gian
tu do, suy hao phdn xa, tdn xa khué&ch tdn va nhiéu
xa, tit cd déu phu thudc vio tin s6 va c6 thé din
dén suy hao dudng truyén din cao hon & tin s6
THz. So véi tan s6 thap hon, suy hao khi quyén va
tdn xa khué&ch tdn ddng quan tAm & dii tin nay [2].

1) Suy hao trdi tré: Suy hao trdi tré ting theo bac
hai véi tin s6, néu khiu do clia anten thu hep khi
tin s6 ting & c4 hai dau cudi trong khi do 1gi clia
anten khong phu thudc vao tan s6, di dudc dinh
nghia b&i dinh luat Friis. Ngoai ra, suy hao tri tré
ndy gidm theo binh phuong tan s&, khi xem xét cic
anten c6 dién tich vat 1y khong ddi va do 1oi phu
thudc vao tin s& & ca 2 dau cudi. N6i chung, suy
hao dudng truyén din trong khdng gian ty do ciia
tuy€n vo tuyén THz dai 10m trén 100 dB [20], da
tao ra nhitng thach thic ddng ké.

Do trdi tré phu thudc vao cdc miu anten cu thé
ma cic phép do dugc thuc hi€én. Hai dai lugng
thudng dugc sit dung: (i) trdi tré da huéng, gid dinh
anten da hudng (hoic tham chi 1a ding huéng) § ca
hai dau cudi va (ii) trdi tré c6 huéng, 1 trdi tré gip
phdi khi stt dung anten dinh huéng & ca hai k&t cudi
[2]. Tré Doppler ty 1& thudn vdi tAn sd va toc do clia
ngudi diing, & tin s mmWave cao hon dang k€ so
v6i tan s& dudi 6 GHz. Vi du: trdi Doppler 6 30 GHz
va 60 GHz cao hon 10 va 20 1an so véi 3 GHz [12].

Suy hao trai tré tin hiéu Terahertz do kéo din tin
hiéu c6 thé dugc tinh bing cong thic Friis dudi
dang ham clia tan s& tin hiéu, khodng c4ch truyén
va téc dd anh sing dudi dang phuong trinh (1):

PLy(f.d)=20l0g (“Z11) (1)
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Trong biéu thic (1), f1a tin s& tin hiéu, d 1a
khodng c4ch giita m4y phat va mdy thu, va c 1a tdc
dd anh sang.

2) Suy hao khi quyén: Suy hao hap thu phan t&
do cdc phan t& khi phidn cyc trong moi trudng
truyén séng hap thu ning lugng séng THz. C4
hiéu tng trdi tré va hiéu @ng khi quyén déu lam
suy gidm truyén séng THz. O tAn s6 THz, chii y&u
hoi nu6c va cdc phan tit oxy tao ra cdc dinh hap
thu va hinh thanh cic cita s6 phd. Cic clra s6 phd
nay trai dai trén cdc biang thong da GHz, phu
thudc nhiéu vio khodng cdch [21]. Suy hao trong
khi quyén khong xuit hién & tin sd microwave,
nhung suy hao nay do cdc phan t& oxy § song
mmWave, hoi nude va cdc phan ti carbon dioxide
[22]. Mic du suy hao nay khong ddng ké & tin s6
thap hon (sub-6 GHz), nhung séng tan s& cao hon
bi suy gidm ddng ké vi budc séng clia ching c6
thé so sdnh vdi kich thudc cia cdc hat bui, gio,
tuy&t va cdc thanh phan khi. Hai loai khi hip thu
chinh & tAn s6 mmWave 1a oxy (O,) va hoi nudc
(H,O) [12]. Ban chat vat ly cta sy hap thu nay -
con dudgc goi 1a sy hap thu phén tk - 1a cdc séng
dién tir c6 tan s& cu thé kich thich cdc phan ti
khong khi giy ra rung dong bén trong, trong dé
mdt phidn ning lugng clda séng truyén dudc
chuyén thanh dong ning va mat di. C4c phan tich
trén khing dinh ring viéc lya chon bing tin phai
dugc diéu chinh cdn thian cho phii hgp véi khodng
céch dy ki€n giita tram g&c va thiét bi cla ngudi
dung [17].

Suy hao hap thu PLabs(f, d) do hap thu phén tir
tin hiéu terahertz c6 thé dudc viét nhu bi€u thic (2):

PLyy (fd) =10.B,(f).dJog ge (2) ,

Trong d6: B,,(f) 1a hé sd hap thu phan tir. H¢ s6
hap thu phan t clia mdi trudng ddi vé6i tin hiéu c6
tin s6 f phu thudc vao nhiét do, 4p sudt va thanh
phan trung binh ctia cdc phan ti.

Hinh 3 cho thdy suy hao khi quyén trong dii
THz r6 rét hon so véi suy hao trong ddi microwave
hoic mmWave. Ngoai ra, c6 mdt s6 dinh suy hao,
nhu f= 60 GHz, 120 GHz, 183 GHz, 325 GHz, 380
GHz,... nén trdnh khi thi€t k€ hé thong thong tin
cho khodng cédch trung binh hoic xa hon. Thay
vao d6, céc cita s6 phd giita cdc dinh suy hao c6
1gi hon cho muc dich nay. Hon nita, doi vdi cdc tan
s6 1&én d&€n 300 GHz, suy hao trong khi quyén thap
hon 10 dB/km. Tuy nhién, d&i véi tan s cao hon,
dic biét 12 doi vé6i tan sd trén 600 GHz, tic dong
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Hinh 3: Suy hao khi quyén (2)
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nay nghiém trong hon nhiéu va do d6 cin dugc
xem xét thich hgp ngay cd ddi véi khodng cdch
ngin hon [2].

3) Suy hao tdn xa va phdn xq: Khi song dién tir
tdc dong 1én cdc bé mit gb ghé, sy tin xa khuéch
tdn dudc tao ra, & d6 cdc dudng truyén din phan
tdn di theo cdc huéng khdc nhau. Piéu nay la do
khi buéc séng gidm xudng con mm va sub-mm &
tan s6 THz, c6 thé so sanh v&i do gd ghé bé mit
clia cdc vat thé thong thudng. Suy hao do phin xa
phu thudc vao dd day dién clia bé mit vat thé va
tan s6. Cu thé, ci do 1éch tiéu chudn chiéu cao va
chiéu dai tuong quan ctia bé mit g6 ghé déu 4nh
hudng dén cong suit tap trung doc theo huéng dé.
Miic cong suat tin xa bi Anh hudng nhiéu hon bdi
thong s6 chiéu cao hiéu dung, thong sd nay gidm
din theo tan s8. Bén canh d6, d6 rong chiim tia
tdn xa lién quan nhiéu hon dén tham so tuong
quan bé miit, ty 1& vdi tan s8. Khi tAn s6 rat 16n va
dd gb ghé nghiém trong, bé mit gd ghé sé& khuéch
tdn ddong déu ra moi huéng [22]. Suy hao tin hiéu
do tdn xa phan tif va hat trong mdi trudng truyén
LOS c6 thé dugc tinh todn bing cach st dung hé
sO tin xa Ogeqf) nhu dinh ludt Beer-Lambert
nghich ddo theo phudng trinh (3):

PLscat (f,d) = 10.0,,.,,(f) .d.log,pe (3)

G tAn s6 thap hon, hién tugng phan xa 12 dang
ké&, trong khi hién tugng tin xa la khong ddng ké
vi hau hét ciac bé mit déu nhin so vdi séng. Két
qué 13, phdn xa ndi trdi hon & cic ddi mmWave
thap hon trong khi do tdn xa & mic vira phai. Tuy
nhién, khi tin s6 ting trong dii THz, su tdn xa trd
nén dang k€ vi d6 gd ghé trén bé mit clia cic biic
tudng va dia hinh xdy dung c6 thé so sdnh véi

budc séng mang. Do d6, cdc thanh phin tin hiéu
phan xa tai THz it ddng k& hon so vdi cic dudng
tanxa [12].

4) Xdc sudt nhiéu xa, fading che béng va LOS:
Khi tn s§ s6ng ting, hiéu suit nhiéu xa gidm do
che khuat bdi cdc birc tudng xay dung hoic ngudi
va cdc chuéng ngai vat khic. Trong thuc t&, dudng
nhiéu xa thudng c6 thé dugc bd qua trir khi may thu
dugc dit trong mot ving rat kin gan ranh gidi bong
t6i. Hon nita, phuong sai fading che bong tré nén
ddng chd ¥ hon trong cdc trudng hop tin s cao hon,
do suy hao nhi€u xa 16n hon. Hiéu @ng che bong,
kich thuéc ctia ving Fresnel dau tién, gidm theo
cin bic hai clia budc séng. Mic du, x4c sudt tAm
nhin thdng (LoS) vé co ban khdng phu thudc vao
tAn s6, cong sudt truyén gidm gin nhu ddng nhat
V6i su gia ting clia tan so khi tin hiéu giap vat thé
[22]. Hi¢éu tng fading che bong thudng dugc dic
trung bdi mot bi€n ngiu nhién c6 phan phdi
Gaussian trung binh bing 0, véi d6 léch chuin
(ogp). Céc gia tri ogp dudi 1 dB 6 moi trudng trong
nha, thap hon so vdi moi trudng bén ngoai.

5) Nhiéu hdp thu: Ngoai suy hao cong sut tin
hiéu, sy hap thu phan tif tao ra rung dong bén trong
céc phan tlr, din d&€n phét ra bic xa dién tir ¢6 cling
tAn sO vGi tAn sd clia song tGi gAy ra rung dong nay.
K&t qué tao ra nhiéu xen vao, dudc goi 1a nhiéu hap
thu, dugc tao ra bdi sy hap thu phan tit. Cdc mo hinh
thudng stt dung nhiét do nhi€u tuong duong ctia moi
trudng xung quanh do hap thu phan t [12]. Nhi€u
phén tir PL, ;..(f, d) do ndng lugng phong dién phan
tlf ¢6 thé duge x4c dinh bing phuong trinh (4):

PLygise (£.d) = 10.10go[Kp. W. 6, ()] (4)

Trong bi€u thic (4), W la bang thong kénh, Ky
12 hiing s6 Boltzmann (1.380649 x 102 J/K) va 6,
12 nhiét do nhiéu.

Suy hao dudng truyén tin hiéu THz 13 thanh
phan chinh trong thi€t k& va gidi thich cic tuyé&n
truyén din vo tuyé&n. Suy hao dudng truyén tin hiéu
c6 thé xay ra do mot s hidu ting nhu suy hao truyén
din khong gian tv do hoidc suy hao tréi tin hiéu, suy
hao hap thu do tuong t4c tin hiéu v6i cdc phan ti
trong khi quyén vi cong hudng phan tir do dxy va
hdi nuc trong khi quyén. Suy hao dudng truyén tin
hiéu THz ty 1& thuin v&i tAn s6 tin hiéu truyén,
khodng cédch giita may phat va mdy thu va thanh
phin moi trudng trong truyén din vo tuyén. Suy
hao dudng truyén tdng cong cla tin hiéu THz la
PLTotal(f, d) bao gom ham suy hao trdi tré PLy,,(f,
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d), ham suy hao hap thu PLy, (f, d), ham suy hao
tdn xa PL,.,(f, d) va ham nhiéu PLy,,.(f, d) nhu
bi€u thie (5) [3]:

PLroaf, d) = P Lspr(f’ d) + PLy(f, d)

. + PLscat(f’ d)+ PLNoise(f’ d (5

5.Kétluan

Nghién cifu nay da phan tich tdng quan vé cic
kénh truyén thong vo tuyén THz, bao gom truyén
thong terahertz va mo td dic tinh kénh truyén 6G.

Céc dic tinh truyén din clia séng mmWave va
sub-mmWave (THz) phu thudc vio cic diéu kién
khi quyén va khi hau thay d6i thudng xuyén va do
dé, rat khé du dodn. Do d6, mo hinh kénh cla dai
tan ndy tuong doi phiic tap va d6i v6i dai phd nay
van chua c¢6 bat ky md hinh kénh hoan hio nao.
K&t qui nghién citu nay ggi md ra nhitng van dé
cho cdc hudng nghién cttu trong tuong lai lién quan
d&nkénh vo tuyén THz W
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ABSTRACT:

The challenge of increasing communication traffic due to the massive exchange of
information require revolutionary enhancement of data transmission rates in current and future
wireless communication systems. The present deployed fifth-generation (5G) wireless
technology in communications will find it difficult to satisfy the data rates and ultra-low latency
requirements of these applications. These challenges are considered a critical driver toward the
development of communication systems to a new era of wireless network, the sixth-generation
(6G) wireless technology. THz communication technology is a key technology of 6G and has
broad application prospects. Since wireless channels are the foundation for designing a wireless
communication system in the new spectrum and new environments, it is imperative to study the
THz radio propagation channels for 6G wireless technology in communications. This article
reviews and analyzes key propagation characteristics of 6G wireless communications.
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