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Ndi dung bai bao gidi thieu vd mdt dai tin sd sieu 

cao - dai tin sd millimet, hidn dang duoc nghien ciiu 

thu nghidm cho hd thdng thdng tin di ddng thd he thti 

5 (SG) voi nhiing die tinh uu viet nhu chiim tia hep cho 

kha ning truydn chinh xic, bing thdng Ion, tiuydn dan 

tdc dd cao, dap ting nhu cau truy nhap bang rdng trong 

tuang lai vdi tdc do dQ lidu vai gigabit mdi 0iy. 

1. G i a i THIEU CHUNG 

Trong nhOng nam gin day, thflng tm di ddng 

dd dat duac nhtrng thanh tuu vugt bac, cho phep 

ngudi sii dung ddm thogi 6 mgi Idc, moi noi ttong 

vimg phii sdng, ke ca khi dang di chuydn. Ngodi ra 

thdng tin di ddng edn dap iing nhidu dich vu tidn 

ich khac nhu: nhin tin, tmyen sd hdu, truydn thdng 

da phuong tidn, xae dmh vi tri ngudi sii dung... ma 

nhidu dieh vy khac khdng thuc hidn duac. Do vay. 

nhu cdu vd thdng tm di ddng ngay mdt tang len vd 

ttong tuong lai khdng xa day se la hinh thiie thflng 

tm van nSng, duac iing dung sdu rdng vao cufle 

sdng va cd thd se thay ddi ldi sdng cua con ngudi. 

Theo du bao ciia Cisco, tdi nam 2020 se cd hon 

50 ty thidt bl dugc kdt ndi vao cdc mang di ddng. 

Td nhiing vdt dung ttong nha nhu TV, tii lanh, may 

0at. Id VI sdng, eho ddn nhiing bd y phuc gin cam 

bien hay nhiing vdt the chuydn ddng nhu tdu hda, 

xe hoi... tit ea ddu tiiam 0 a vdo mang Internet 

toan eau va se tidu thu luong dQ Ueu vdi dung lugng 

gdp ca 1.000 lln so vdi cac thiet bi di ddng ngay 

nay. vugt tii 10 ddn 100 lln ndng luc truydn tai eua 

mang 4G. Vi vdy, mdt the hd thflng tm di ddng mdi 

vuot ra ngoai phgm vi cua 4G bit diu duac nghien 

cdu vd hinh thanh. Dd la hd thdng thdng tin di ddng 

tiid hd 5 hay cdn goi la BG. 

Khi 5G duac tndn khai, didu 0 se ddc trung cho 

kidn tnic mang ndm 2020 va xa hon niia. Trudc su 

"chat hep" cua phd tin sd 300 MHz-3GHz thi dai 

tin sd ndo se duac nghien citu iing dung cho 5G de 

5G trd thanh mdt cdng nghd vugt bdc ddp img dugc 

nhu clu luu luong di dgng ngay cang eao? Ddy la 

mpt chii dd dang dugc thao luan 0Q;a cae nha khai 

thac, cac nhd cung cap, cae td chiic nghidn cdu, cac 

ca quan tieu chuin, cac td chiic thuong mai va cac 

chinh phii. Mdt 0ai phap dugc nhieu nhd nghien 

cim cung nhu cae cdng ty vidn thdng hang dau thd 

0di dua ra dd la su dung bdng tin mm eho truydn 

tiiflng di ddng SG. 
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2. HE THONG THONG TIN Dl DONG THE 
HE 5 (5G) 

Cho tdi thdi didm ndy, van chua cd mflt khai niem. 

dinh nghia chinh thiic ndo eho mgng 5G. Ngudi ta 

chi ed the xae dinh mdt each dinh tinh ve mgt sd 

ydu clu ndi bdt ddi vdi 5G dua ttdn hidn ttang vd xu 

hudng phdt tridn cda thi trudng vidn thdng tiid 0di 

hidn nay. Theo [I], "Tim nhin vd Hd thdng tiidng 

tm dl ddng todn edu tdi ndm 2020 va hon nua" cua 

m i dang dugc hodn thidn, du kien sau WRC 2015, 

mj-T se dua ra mdt khai nidm ro rang cho hd thdng 

mang cung nhu cac ydu cau vd ky thudt cho 5G vdi 

tidn trinh phat tndn 5G (Hinh 1). 

Yeu cau va thach thu'c cua 5 6 

Mang di ddng thd he tidp theo 5G se kd Uiiia tit ca 

nhtog ddc diem ndi ttdi tii mang 4G va quan ttgng 

hon ca, 5G se 0ai quyet duac vin dd nhiic nhoi 

nhit hidn nay eiia cdng nghd mang khflng day, dfl 

la kha nang nhanh chflng tim kidm duoc mgt kdt 

ndi dn dmh va dang tin cdy. Muc tidu ehinh eua 5G 

la ludn duy tri kdt ndi cho ngudi dimg ddu cudi vdi 

cae yeu eau vd dung lugng dudng truydn Idn han, 

nhanh hon, thdng sudt tai mpi vi tri, thdi diem (md 

rflng dien tich phii sflng, 0am nhidu do vat can, 

nhidu sdng...). 5G duoc thidt kd khdng ehi ddnh 

ndng cho smartphone. md cdn dimg dd kdt ndi tdi 

mgi thiet hi tidn tien khac nhu smartwatch (ddng hd 

thdng minh), smartiiome (nhd thdng minh). Ngoai 

ra, 5G cdn dem lgi nhiing cai Uen dang kd ttong 

phuong phap truydn dQ lipu, 0up tidt Mdm ndng 

lugng, bd sung thdm tinh nang eho phan cimg. Tdm 

Igi, ba yeu cau co ban cho vide xdy dung eae mang 

khdng day 5G la [I]: 

- Kha nang hd ttg cdng suit Idn va kha ndng kdt 

ndi Idn. 

- H6 trg cdc dich vu vd ung dung ngdy cang da 

dgng va tat ca cac nhu eiu cua ngudi dimg cho cdng 

viee va cufle sdng. 

- Sii diing hnh hoat vd hidu qua tit ca cac phd 

tin sin cd khdng gin nhau cho kich ban trien khai 

mgng khac nhau. 

Mang di ddng se din trd thanh phuong tidn chinh 

cua mang truy cap dd kdt ndi 0Qa ngudi vdi ngudi 

vd 0ua ngudi vdi mdy. Cdc mang nay se eIn phai 

phii hpp vdi nhiing tidn bd ttong mang ed dmh vd 

chit lupng dich vu, dfl tin cay va an ninh. Dd ldm 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

Hmhl Lo trinh phat WtiSG [11 
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MCT-The Mast«Core Technology 
MCE-The mostCfCore Equipment 
lU-lnterftcIng Unit 
AOLT-Advance optical Ine temilnal 
AAWG-Advance Arrayed wmeguide gratings 
IP-Internet Protocol 

Hinh 2: Kien tnic cho 5G [2], 

nhu Vdy, cflng nghd 5G cin phai cd kha ndng cung 

d p tdc dfl 10 Gb/s 0dng nhu tflc do truyen bang 

sai quang. Nhu vdy, cflng nghd nay se phu thufle 

vdo bang thdng sidu rdng vdi dd ttd tinh theo ms. 

Hon thd nua, vide thidt kd vd ttien khai cac he thdng 

khdng day 5G cd thd phai ddi mdt vdi eae tinh nang 

va kidn tnic de xuit dd tang eudng cdng suit va 

chit lugng hd thdng ttong phd tin sd cd sin cdn 

ban chd, bang tin sd va bang thdng dQ lidu tuong 

ling Id 3-300 GHz va 1 Gb/s hoae cao hon. 5G cung 

bao ham vide kdt ndi khdng day ttdn todn the gidi, 

cimg vdi tdc dd du lidu vd chit luong dich vu (QoS) 

rat cao. 

Kien true dB xuat 

Theo kd hogch thi tii thang 10/2014 ddn hdt nam 

2015, cdc ban du thao vd nhiing van de cua 5G se 

lln lugt duac ITU-T ban hdnh [I]. Tuy nhidn, mdt 

sd td chiic, nhdm nghidn cuu dugc thanh lap d cac 

khu vuc, qude 0a da tu xay dung cho mmh mflt sd 

dac didm ky thudt so bd cho 5G va dang tien hanh 

nghidn eiiu cde bidn phap, 0ai phap dd dat dugc 

didu dd. Hinh 2 md ta mdt kidn trie de xuat cho he 

thdng thdng tm di ddng thd hg 5. Theo dd, kidn tnic 

dd xuit cho 5G bao gdm cac thanh phan chinh nhu 

MC (Master Core), MOT (Master Core TechnoIo0esl, 

mgng truy nhdp vfl tuydn RAN, cac mgng dua hoan 

toan ttdn ndn IP (All IP Netvirorks), eae don vi 0ao 

dien 5G (SG-IU) [2] vdi cac cdng nghd mdi cho 5G 

nhu: Massive MIMO, truyen tai RAN d sdng mm, 

truydn dan khdng true 0ao, truy nhap phd tan chia 

se, phdi hop lidn node nang cao, truydn thdng tu 

thiet bi ddn thidt bi (D2D), dudng true khdng ddy 

tich hop truy cap, nhan thue bdi canh mgng, mang 

diddngnh6(SCNs)...[4]. 

3 . BANG T A N MM CHO 5G 

Trdn thue td, cac mang di ddng tiiuong dimg cac 

bang tin thIp hon trdn phd tin sd vd tuydn, noi 

"chen chuc" ciia hdng chuc sdng mang cd budc sdng 

centimet [tin sd vdi ttam MHz) de cd thd dd ddng 

vuot qua cac chudng ngai vdt va xuydn ttong khdng 

khi. Nhung phd tin ndy khflng du cho nhu clu ngay 

cang tang cua eae nha khai thac mang va cac mgng 

4G dang phat tndn nhanh chdng lai cang khidn tinh 
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5G(celkjla^ 
(high performarKe. wider-area cxwerage) 

5G (mmW) access 
(iower-complKcity design, short-range) 

LTE compatibility 
lOGHz 

Hinh 3: Bang tan cho 5G [3]. 

ttang khan hiem phd tin them cang thing. Vi vay, 

cac dai t in sd cao, it duac dimg hon, bit diu duoc 

xem xdt ddn. 

Loi ich chtnh cua cae tan sd trdn 10 GHz la su kha 

dung day tidm nSng eiia mdt lugng Idn phd tin va 

cd le quan ttong hon la cac doan phd lidn hic Idn. 

Sau do la kha nang bang thdng rdng, cd thd la vai 

ttdm MHz, cd thd hd tro mflt each hidu qua tdc dfl 

vai GHz. Ngoai ra, khac vdi microwave, chum tia cd 

dd cong rdt rdng lam 0am sd luang phd tin so co 

thd tai sii dtmg tiong mdt pham vi dia Iy nhit dinh, 

hdn kdt sdng mm cd chum tia rat hep cho kha ndng 

truyen chinh xdc cung nhu 0up cho vide tndn khai 

md rdng cao hon. Ben canh dd, khdng 0dng nhu 

cac bang microwave, chi phi cap gily phep doi hdi 

dau tu ddng ke, bang tin milimet ed phd duac d p 

phep vdi ehi phi elp 0 l y phdp rat thap. 

Han chd chu yeu cua tin sd cao la ton hao dudng 

truydn Idn. Didu nay cd thd duac bii dip mdt 

phin bdng cdch sir dung nhidu anten tien 

ttdn, lam 0am kich thudc cua phin tu anten 

CO ban o cdc tan sd cao hon. Tuy nhidn, didu 

ndy chi thuc td cho dudng truydn tim nhin 

thing. Trong dieu kien khflng phai tam nhin 

thing, rat phd bien ttong thdng tm di ddng, 

ed nhidu nhdn td gay tdn hao dudng truyen 

nhu: 

- Giam nhidu xg. din den mit mdt dudng 

truydn Idn hon vi eae didm tdi. 

- Suy hao cao hon khi truydn qua tudng. 

dan den tdn hao eao ttong mdi trudng ttong nhd ma 

duoc bao phu bdi cac tram gdc ngoai ttdi. 

Mac dii vgy, nhung nghien cuu gan day chi ra 

ring nhOng tan sfl cao hon, Idn tdi 30GHz, cd the 

dugc su dung cho truy nhgp vfl tuydn trong dieu 

kienNLOS, 0a sir ttong pham vi hep (100-200 mdt). 

Tham chi cac tin sd cao ban cdn dugc quan tam eho 

viec tndn khai day dac vdi khoang each cac node 

truy nhap ngin [4]. 

Dudng nhu vide su dung cac tan sd cao la mdt 

phan quan ttgng ttong truy nhap vd mydn 5G. Tuy 

nhidn, cac tan sd cao cd the phuc vu nhu phan bd 

sung cho cac tan sd thap, cung cap dung luong cao 

vd tdc dp cao trong mdi trudng day dac. Tin sd thap 

hon cd the su dung cho dudng true cung d p vimg 

phli rgng (Hinh 3). 

Hfll nghi vfl tuydn thd 0di 2015 se tdp trung vdo 

cdc phd tin mdi dudi 6,5GHz. Vide xdc dinh vd an 
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Hinh 4' So do khdi may phat vS may thu [6]. 

dinh cdc phd tin trdn 10 GHz cho tiuydn thflng di 

dflng dugc mong doi se xudt hidn tiong dd tdi thao 

ludn ciia WRC 2018/2019. Vi vdy cac tan sd trdn 10 

GHz cd le khd dung tai thdi diem 5G duoc trien khai, 

dtt kidn sau 2020. 

4. THLT N G H I E M BANG TAN MM CHO 

5G 

Kdnh vd tuydn Id mflt ttong cac ydu td ca ban va 

quan ttgng nhit dd phdt tridn cdc he thdng didn 

thoai di dflng sdng mm ttong tuong lai eung nhu 

cdc k? thudt truydn din ndi chung. De tgo ra mflt 

md hinh kdnh khdng 0an thdng kd (SSCM) cho cdc 

kdnh sdng mm da dudng, d c nhd nghidn ciiu da 

thye hidn d c do ludng ttong dieu kidn hoat ddng 

thdng thudng vd trudng hgp mdi truong xlu nhat. 

Dua ttdn cdc nghidn cdu duac tien hanh ttong mdi 

trudng dd thi d thanh phd New York vdi d e tham sd 

do ca ban: suy hao do mua, hap thu khi quyen, mpt 

sd nhdm nghidn cQu da lua chgn ra tan sd 28 GHz 

de thu nghidm bdng tin mm eho he thdng thdng tin 

di ddng 5G [4. 5, 6]. 

Cau true he thong thit nghiem 

Su dung bd tuong quan kdnh 400 Me/s vdi dd 

phan 0ai da duong 2,3 ns, cae nha nghidn cuu tidn 

hanh md rdng do dgc dd lan tmydn sdng mm tai 28 

GHz d tiianh phd New York [6]. So dd khdi eua mdy 

phat (TX| va thu (RX) duac dua ra ttong Hinh 4. 

Xac djnh suy hao qua v$t can 

Cdc phdp do thdm nhgp thflng qua nhidu chudng 

nggi vat ttong mdt mdi trudng vdn phdng dugc 

thuc hidn d ting 10 cua Trung tdm MetroTech tgi 

Brooklyn, New York. Nhu the hign ttong Hinh 5, vi 

tti dat TX duoc dai didn bdi ngdi sao mdu vang, edc 

vdng ttdn mau xanh Id nhiing vi tri thu dugc tin 

hidu, cac tam 0ac mau do la nhiing vi tri tin hi$u 

thu dugc yeu va dau x mau den la vi tri khflng thu 

duac tin hidu. 

Kdt qua cua phdp do cho thay suy hao khflng phu 

thufle nhidu vao khoang cdch 0ua TX va RX md ehii 

yeu phu thudc vao sd lugng va logi vat can. cac vi tri 

RX ma khoang each 0uaTXvaRXia 25,6 mvd 11,4 

m cd suy hao do dugc gin nhu bing nhau, khoang 

43,1 dB. Tai vi tri RX cd mdt khoang each tach bidt 
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Legend 

® Signal Acquire 

Hinh 5: Ban do cdc' 
3 4 m 

i tri do suy hao qua v3t can [61. 

Id 35,8 m thi tin hidu se bi mat va sdng RF khflng co 

kha ndng thdm nhap vao eae thang may kim loai. 

Xac dinh suy hao dUdng truyen 

MOt nghien ciiu duoc tidn hanh d Manhattan, New 

York, dd tim vi tii va khoang each ma nang lugng 

khdng the duoc phdt hidn (Hinh 6). Trong do, iugc 

dd do dupe phdn thanh cae khu vuc tuong iing vdi 

VI tri TX. 

Tin hidu duac phat hien boi RX cho tit ca ;2 

cac trudng hgp la trong phgm vi 200 met. 

Trong khi hlu hdt cac dia diem RX nim ttong 

pham vi 200 met tin hidu TX duoc phat hien, 

ttong mdt s6 trudng hop, ti sd tin hidu ttdn 

nhidu (SNR) khdng du cao dd phan ciing cd 

thd thu duge tin hidu. Qua cac phep do thuc 

hidn tai Manhattan, ngudi ta thay ring 57% 

cac vi tri da mit do tinh chit tic nghen cua 

cac kdnh vdi khoang cdch tii TX vuot qua 200 

m (Hinh 7). 

Nhu vdy, edc kdt qua do cua mflt sd nghidn 

cuu vd lan truydn sdng d tin sd 28 GHz da 

due ra dugc cai nhin sau sic hon vd suy hao 

qua vat can, suy hao dudng truydn cho vide thidt 

kd he thdng di ddng sii dung sdng mm ttong tuong 

lai. Cac du hdu thu thap duac tii cac phep do eiia 

nghidn ciiu nay cho phep phdt tndn cde md hinh 

kenh thflng kd ttong mdi trudng dd thi vd rat cd 0a 

tn cho su phat tridn ciia truyen thflng di dflng 5G tai 

bang tin sdng mm ttong thap ky tdi. 

Legend 
"CJ Transmtttcr 
® S-gnalAcqu^o 
A Signal Delected 

X NQ Signa DetBcteO 

Hmh 6: Ban do hien thi tat cS cSc cells a Manhattan ven ban !<inh 200m [6]. 
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Manhattan Path Loss versus Distance 

LOS:«- BM6B 

10 10 
TX RX separation (m log scale) 

Hinh 7: Suy hao duang tmyen tuong iing v6i cac k h o ^ g c ^ h TX-RX [6 ] . 

5. KET LUAN 

Bdng tin mm cd tin sd tii 30 - 300 GHz tirong 

ling vdi budc sdng tii I - 10 mm. Id mdt bang tan 

mdi cho truydn tiidng di ddng. Cd rat nhidu img 

dung truydn thdng cd thd su dung bang tin nay 

nhu mang vd tuydn ttong thanh phd, ha ting lang 

dgi hpc vd tai doanh nghipp Idn, kdt noi du phflng, 

hd thdng dng-ten phdn bd... Dac biet, ttong thdi 

0an gin ddy, bang tan mm thu hiit duac rat nhidu 

su quan tdm cua cac nha nghidn cdu, cac td chdc 

chuin hda ciing nhu cdc cdng ty vidn thdng Idn cho 

truydn thdng thdng tin di ddng the he 

tiiu ndm (SG). 
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