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(57) Sang ché dé xuét phuong phap hiéu chinh tan sb ndi tai ciia hé théng eNodeB ciing

nhu cac hé théng vién thong khac tai thuc dia dya trén nguén déng bo tham khao tir hé

théng dinh vi toan cau (Global Positioning System - GPS) bang cach két ndi mo-dun nhan

tin hiéu GPS vao hé thong eNodeB nay thong qua cong cho va ciu hinh chip phu hop dé
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Linh vwe ky thuat dwoc dé cap

Sang ché lién quan dén linh vuc vién théng. Cu thé 13, sang ché dé xuét phuong
phép hiéu chinh tan s6 ndi tai cia hé thong eNodeB ciing nhu cic hé thong vién thong khéc
tai thuc dia dua trén ngudn dong bd tham khao tir GPS va khong sir dung thiét bi dém tan
chuyén dung.

Tinh trang ky thuit ciia sang ché

Trong cac hé théng vién thong, tin s6 hé thng 1a mot chi tiéu danh gia chét luong
hoat dong cua thiét bj va tinh dong bd cua ca hé théng. Chat luong hoat dong cua thiét bi
s& dugc dam bao khi do 1éch tdn sd nam trong khoang cho phép. Néu do 1éch tdn s nim
ngoai dai cho phép, hé thdng sé& hoat dong khong dang yéu cau ban dau, va can phai tién
hanh cac bién phap diu chinh tan s6. D6 1&ch tin sé nay sé lam giam ning suit hoat dong
va gay sai Iéch hoac té liét hoat dong cua thiét bi va c4 mang vién thong.

Trong hé thdng tram thu phét gbc vo tuyén (E-UTRAN Node B - eNodeB), su dong
bd vé& mat tan sb 1a mot trong nhiing ti€u chi hang d4u dam bao chat lugng dich vu cia h¢
théng. Khi tan s sai 1éch, co thé gay ra cac truong hop mét dong bd giira khdi xir Iy bang
gbc (Base Band Unit - BBU) va khdi thu phét vo tuyén (Remote Radio Unit - RRU), lam
suy giam cac chi s6 danh gia hoat dong (Key Performance Indicator - KPI), lam mét dich
vu dugc cung cép cho nguoi dung cudi, v.v. Hién nay, hé théng dinh vi toan cu (Global
Positioning System - GPS) 1a mdt giai phap dong b tan sb chinh xac dang dwgc sir dung
phd bién, vi hé thdng nay 14 mét ngudn tan sd ¢ chét luong, 6n dinh va do chinh xac cao.
Khéi GPS thuong duge st dung 1am ngudn tham khao trong cac thiét bi dong bd thoi gian
Clock Grand Master ctia mang vién thong.

Heé théng eNodeB sir dung déng hd cha (Master Clock) 1588 phién ban 2 1am ngudn
ddng bod chinh, doi héi phai c6 1 may chi phat ban tin ddng bo trén hé thong. Trong truong
hop may chu gip 161, dwdong truyén khong dam bao hozc may chi nglng hoat dong, tan sb
tai tram thuc dia s& dan truot khoi gia tri mong mudn. Hon nita, ban than nguén tan sb noi
tai ctia mdi thiét bi eNodeB déu chiju tac dong sai I¢ch theo thoi gian hoat dong, gdy anh
hudng truc tiép t6i kha nang dong bod cua hé thdng. Khi d6, viéc danh gia va diéu chinh,
béo tri d chinh x4c cua tan sd thiét bi thudong can dén sy hd trg cia cac may dém tan sd
dugc két nbi véi tin hiéu tin sb dau ra ciia eNodeB dé co thé xac dinh gia tri sai léch va
tim ra bo tham sb cdu hinh déng hd chuin nhit. Qua trinh nay phit hgp hon khi duge thuc
hién trong phong thi nghiém, con dbi voi thiét bi da dugc trién khai ngoai hién truong thi
s€ gap nhiéu kho khin vé thoi gian va tén kém vé chi phi. Pé thuc hién dugc viéc bao tri
tan s6 dinh ky trén cac thiét bi di duoc trién khai trén thuc dia, cac k§ su phai mang may
méc dén tram, hodc thao va mang thiét bi veé.
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Néu hé théng eNodeB dugc tao c6 sin cong chd nhan tan s6 1Hz (twong tmg véi 1
pps -pulse per second) thi chi can két néi mo-dun GPS cing véi dng ten GPS véi hé thong
thi hé théng nay co thé sir dung ngudn dong bd nay dé higu chinh lai tan sd ndi tai cua hé
théng. Pé hiéu chinh tin sb tai thuc dia nhu vay thi chi can mang md-dun GPS dén tram
va két ndi v6i hé thdng, va chay mot thoi gian dé cho hé thong tu thuc hién ma khong can
dung dén may dém tan sb ciing nhu khong can phai thao va mang thiét bi vé& nha may hay
phong thi nghiém dé bao dudng.

Muc dich ctia sang ché

Muc dich cia sang ché 1 dé xuat phuong phap hiéu chinh tan sb noi tai ciia hé thong
eNodeB tai thuc dia giap bdo tri 4o 4n dinh, ddng bod va chinh xé4c cia tan sb trén hé théng
eNodeB nay sau khi hé théng nay da duoc trién khai tai thuc dia ma khong can phai sur
dung may dém tan sd dé hiéu chinh lai hogc phai thdo va mang thiét bj v& phong thi nghiém
hoidc nha may dé bao dudng. Trong truong hop tram duge khoéi dong lai hodc mét ngudn
ddng bo trong qua trinh hoat dong, hé théng eNodeB nay van hoat dong t6t voi thn s chinh
xé4c, ngay ca khi ngudn tan s6 phat bi truot.

Bian chét ky thuit ciia sang ché
Sang ché dé xuét phuong phap hiéu chinh tn sb ndi tai cua hé thong eNodeB tai

thuc dia dwa trén ngudn dong b tham khao tir hé théng dinh vi toan cau (Global Positioning
System - GPS), bao gdm cac budc sau:

a) tao cdng cho c6 thé truyén nhan tin hiéu nbi tiép (Universal asynchronous receiver-
transmitter - UART) va xung 1 Hz trén phan cimg ctia hé théng eNodeB;

b) tao md-dun roi nhén tin hiéu GPS phi hop véi céng chd da dugc tao ra trong budc a)
dé hé thdng eNode B nay c6 thé nhan dugc xung 1 Hz va thong tin vé tinh nhan dugc tir
hé théng GPS;

¢) tao chip phii hop c¢6 ngudn ddng bod tham khéo tir xung 1 Hz nay trén phén ctng clia hé
théng eNodeB nay;

d) két ndi md-dun nhén tin hiéu GPS di duoc tao ra & budc b) vao hé théng eNodeB nay
thong qua cong chd nay va céu hinh chip nay dé nhan xung 1 Hz niy lam ngudn tan sb
tham khao;

e) thiét 14p ang-ten GPS dé nhan tin hiéu GPS, dé khdi vong khoa pha sé (Digital Phase
Lock Loop - DPLL) khoa ddng bo vé tan s6 va pha véi tan s6 ciia hé théng GPS;

f) sau khi xac dinh trang thai hoat dong khoda kin cua khéi DPLL nay va chip nay bang
phﬁn mém, thuc hién luu lai dit liéu cua bd cAu hinh gia tri diéu chinh tan sb (Frequency
tuning word - FTW) ma chip nay tinh todn dwgc sau mdi 30 gidy; va

g) ngit két ndi GPS cua hé thdng sau thoi gian nim trong khoang tir tir 0,5 dén 2 gio, va
bo cau hinh FTW s& dugc ghi vao thanh ghi FTW cua chip nay khi chay ty do.
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Mo ta van tat cac hinh vé

Hinh 1 12 hinh v& thé hién téng quan bd téng hop s truc tiép (Direct Digital
Synthesizer - DDS).

Hinh 2 1a so dd tiép nhan va xtt Iy cac ngudn FTW dé quyét dinh tan s6 DDS ciia
chip PPTS.

Hinh 3 1a so dd khéi thé hién két ndi gitta GPS va chip AD9547 trong mot vi du
thuc hién sang ché.
Mo ta chi tiét sang ché

Trong phuong phap hi¢u chinh tin s ndi tai ctia hé théng eNodeB tai thuc dia dua
trén ngudn dong bod tham khao tir hé théng GPS theo séng ché, cac tac gia sang ché di tao
ra mOt mo-dun rdi nhan tin hi¢u GPS phu hop dé két ndi v6i hé thong eNodeB dé tao xung
1Hz c6 d6 chinh xéc cao, dung 1am tin hiéu ddng b cho khéi phan phdi tan sb cta hé thong
eNodeB nay.

Mo-dun roi nay nhén tin hiéu GPS phai dam béo céc dicu kién sau :

- Sir dung chip bét dugc tin hiéu GPS tir dng-ten GPS;
- C6 thé truyén thong tin vé tinh nhan duoc tir hé thdng GPS va xung 1 Hz tir chip
nhan tin hiéu GPS sang hé théng eNodeB.

Phén ctmg cia hé thong eNodeB dugc tao san cdng cho dé c6 thé cam mo-dun GPS
néu trén. Pong thoi, phan cimg nay phai ¢ chip phan phéi tin sb (goi tit 1a chip PPTS) ¢6
thé nhan xung 1 Hz nhu mot ngudn dong bd tham khao dé diéu chinh cac tdn sb ra dam
bao hoat dong cia h¢ théng eNodeB. Vi du mot sb chip phu hop co thé dugc sur dung theo
sang ché 1a cac dong chip AD9547/AD9548/AD9549 cua hang Analog Devices.

Chip PPTS trén hé thong eNodeB lam nhiém vy phan phéi ngudn tan sd dong bd
cho toan hé théng. Chip PPTS nay c6 thé dugc cAu hinh dé nhan tin hidu déng bo 1 Hz nhu
mot ngudn tan sd tham khao dé ddng bo cac tan sb dAu ra cia nd. Chip PPTS nay cin mot
bo tham sb cAu hinh khéi tao riéng twong tmg véi cht lugng tan s6 ddu vao va tn sb tham
khao dé dam bao diu ra chinh xac. Sau mot thoi gian dai hoat dong, tAn s6 noi tai cuia BBU
bi sai léch, troi theo thoi gian khién chip PPTS nay hoat dong v6i by tham s cii khong con
chuén xac nita.

Chip PPTS trén hé thong eNodeB c6 céc vai trd sau:

- Pdng bd mang ludi tan sb cua hé thdng;

- Loai bo, 1am sach cac méo dang, sai léch khong dff)ng déu trén xung tan sb (con goi
1a Jitter); va

- Dbng bd véi xung GPS 1 Hz.

Tan sb dau ra cua chip PPTS nay phu thudc hoan toan vao tin hi¢u dau ra cia bd
tdng hop s truc tiép (Direct Digital synthesizer - DDS) - 1a mdt thanh phén chinh ctia vong
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khoa pha sé (Digital Phase Lock Loop - DPLL). DDS nay hoat dong nhu mot khéi tao tin
hiéu hinh sin. Khéi mach chuyén dbi sé sang twong tu (Digital Analog Converter - DAC)
s& chuyén tin hiéu dang s6 DDS sang dang twong tu. Sau do, tan s6 DAC s& duoc chia ra
4 kénh dau ra dya trén cac hé s6 chia dugc cdu hinh trude do. Diéu can duoc luu y 1a tan
sb cua séng sin tao bdi DDS dugc xac dinh va diéu chinh b::ing b gia tri diéu chinh tan sb
(Frequency tuning word — FTW) — 1a nhiing gia tri sb. So dd khéi cia DDS duoc thé hién
& Hinh 1, trong d6 khdi DDS bao gom:

- Khéi tich liiy 48 bit c6 ban chit 12 bd cong tich lity 48 bit;
- Khéi bu pha DDS; va |
- Khéi DAC.

Trong khéi tich lity 48 bit FTW, tmg v&i mdi chu ky ctia tan s 1dy mau f;, khoi tich
Ity s& cong gia tri cia FTW vao téng dau ra dang hoat dong. Theo thoi gian, gia tri cia bd
tich liiy dat dén 248 thi no s& quay vong. Téc do trung binh tai thoi diém bo tich liiy xoay
vong sé thiét 1ap mot tan sb cua song sin. Gia tri trung binh cua cac tAn s6 sin nay tuan theo
cong thirc sau:

FTW
fops = was

Trong do:
- fops la tan s6 dau ra cia DDS;
— FTW la gia tri bd tham s FTW; va
— f. 14 tin s6 1dy mAu, dugc chon bing 1GHz.
Khéi bu pha thuc hién bu pha cho song sin bang cach cong mot gia tri pha 16 bit

vao gia trj tong dAu ra cua khéi tich lity 48 bit, gia tri nay duoc thiét 14p trong thanh ghi bu
pha cua chip PPTS.

Khéi DAC thuc hién chuyén dbi gia tri s ciia DDS sang gia tri tuong tw ¢ ngd ra
cua chip.

Hinh 2 thé hién qué trinh tiép nhan, xir Iy c4c ngudn FTW dé chon nguén FTW nao
quyét dinh tan s6 DDS (DDS Tunning Word — DDSTW), theo do, tan s6 DDS nay phu
thudc vao 3 ngudn sau:

- B0 tham s& FTW hoat dong tu do (free-running FTW);
- BO FTW cép nhét boi d4u ra ctia bo loc lap sb (Digital loop filter); va
- Paura cua bd xtr Iy lich st FTW (FTW history).

Khi vong khoa pha hoat dong ¢ ché d6 tu do (free-run), DDSTW 1a gia tri dugc luu
trong bd FTW hoat dong tu do. Khi vong khéa pha hoat dong binh thudng (con duge hiéu
12 vong khoa pha kin), DDSTW la gia tri cia FTW cap nhét - duoc léy tir dau ra cta b6 loc
s6 (Digital Loop Filter). Bo loc s6 1a khéi thay ddi mot cach ty dong dé duy tri khoa pha
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v6i tin hidu tin sd dong bd dau vao. Khi vong khéa pha hoat dong & ché d6 hoan lai
(Holdover), DDSTW phu thudc vao lich sir cia FTW dugc tinh todn va dugc ghi lai trong
qua kht (sudt thoi gian ma vong khéa pha hoat dong kin), va dugc goi la FTW qua khu.

Khdi kiém soat FTW 1a by tham s6 FTW khac dé gioi han ddu ra DDS & ngudng
trén va ngudng dudi cua no.

Khi hé théng mit ngudn dong bd, sau mot thoi gian tan sd phat sé& bi trugt so v6i
ban dau, khién cho tét ca cac tan s cap cho hoat dong clia cac khéi trén phan cimg eNodeB
déu 1éch khoéi yéu cau thiét ké. Do do, trong diéu kién hé théng hoat dong khong c6 ngudn
dong bd lién tuc, cir mot thoi gian, tram eNodeB can dugc hiéu chinh lai tan s6 hoat dong.
Viéc hiéu chinh nay s& dugc thuc hién bang cach cac k¥ su béo tri s&€ mang md-dun GPS
dén tram thuc dia va thuc hién két ndi véi phén cung. So dd khéi két ndi hoat dong gilta
GPS va chip PPTS dugc thé hién & Hinh 3. Mé-dun GPS s& dugc két néi vao phan cling
eNodeB, thuc hién cdu hinh GPS 1am ngudn déng bd cho chip PPTS, mo-dun nhan GPS
s& tao ra xung 1 Hz cp vao chip PPTS. Sau mot khoang thoi gian ngén, vong khéa pha s&
ddng bo pha va tan s6 voi ngudn 1 Hz.

Khi vong khéa pha hoat dong kin (ddng b tan sb va pha véi ngudn 1 Hz), nhu da
trinh bay ¢ trén, déu ra cta bo loc sé quyét dinh DDSTW. Khéi diéu khién logic (Control
Logic) dugc cAu hinh va thuc hién tinh toan gia tri trung binh cia FTW c4p nhat bdi bd loc
s6 trong mdi 30s va luu vao thanh ghi FTW qua kht. Gia tri trung binh cua 14n sau sé& doc
1ap v6i gia tri trung binh trude do. Thoi gian khoa pha cang 14u, d6 chinh xac cang cao.

Vong khoa pha hoat dong thoi gian cang lau s€ cho tan s6 DDS cang chinh xac, bd
FTW qua khir cling s& cang chinh x4c. Trong truong hop tan sd ngd vao léch di so v6i ban
dau, vong khoa pha khi hoat dong kin cling s€ cho ra dugc tan sb ngd ra chinh x4c dua trén
ngudn dong bd tham khao 1 Hz. Bo FTW thu dugc trong thoi gian vong khoa pha kin 1a
b0 gia tri twong thich cang chinh xac véi do 1éch tin s ngd vao theo thoi gian tai thoi diém
hoat déng. Phdn mém s& cap nhat va luu lai gia tri FTW qua khir nay trong dif liéu cta no.
Trén thuc té, dAu ra ctia tan sb DDS dat d6 6n dinh va chinh x4c theo yéu ciu trong khoang
thoi gian tir 0,5 dén 2 gio.

Khi hé théng eNodeB mét nguén d@)ng bd, chip PPTS s¢€ hoat dong vé ché d6 hoat
dong tu do. Luc nay phé”tn mém s& dam nhan viéc hiéu chinh lai tdn s du ra bang cach st
dung nhitng dir liéu FTW thu thap dugc trong qua trinh hé¢ théng ddng bd voi GPS nham
tai hién chinh xac hoat dong diéu chinh tan sb ung vai sai 1€ch cua tan sb ngd vao tai thoi
diém trude do6.

Vi du thwe hién sang ché

Hinh 3 12 mét vi du thuc hién phuong phap theo sang ché di dugc ap dung tai phong
thi nghiém dién tr phuc vu du 4n phat trién eNodeB ctia Trung tim Nghién ctru Cong nghé
Mang Viettel.
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Nhu duoc thé hién trén Hinh 3, sau khi ddng hd hé théng khong con dam bao dong
bo giita khéi thu vo tuyén RRU va khéi xir ly bang gbc BBU, giy ra mit dich vu va cac
hoat dong hé théng khong thuc hién duoc, tién hanh thuc hién hiéu chinh lai tin sb noi tai
theo phuong phap cua sang ché trén BBU nhu sau:

- tao cdng chd RJ45 trén phan clng ctia hé théng eNodeB;
- tao mot mo-dun roi nhén tin hiéu GPS phi hop véi cong chy RJ45;
- st dung chip AD9547;

- két nbi mo-dun nhan tin hiéu GPS vao hé théng eNodeB qua cong chd RJ45 va
céu hinh chip AD9547 thay vi dong bo bang 1588 sang nhén ngudn tan sé tham khao tir
ngudn GPS;

- Lép dat ang ten GPS ngoai troi két ndi vao mo dun rdi nhan tin hiéu GPS nay, két
ndi GPS vao mach.

- Phin mém chay lién tuc thu thap bd ciu hinh FTW ctia khéi tinh toan trén chip
AD9547 bt dau tir khi chip AD9547 chuyén sang trang thai dong bo vé tan s6 va pha vai
tan s6 GPS.

- Sau khoang mot gio, ngit két nbi GPS, khéi dong lai hé thong, AD9547 s& hoat
dong & ché do chay tu do (free-run), phdn mém tién hanh ghi lai tham s ciu hinh tan sb
tir dit lidu thu duge trude d6 cho chip. Bo tham sb thu dugc tir qua trinh hiéu chinh bang
GPS trong khoang thoi gian mot gio dam bao clock dau ra dat yéu cAu va qua trinh dong
bo dién ra lién tuc.

Hiéu qua dat dwgc cua sang ché

Phuong phap theo sang ché c6 kha ning hiéu chinh lai tan sb tai thuc dia tir xa ma
khong can dung dén cac loai may dém tin sé hodc su co miat cia k§ su do kiém tai hé
thdng. Két qua hiéu chinh cho thiy tin s6 dam bao hé thong hoat dong déng b tdt giita
khdi thu vo tuyén RRU va khéi xir Iy bang gbc BBU, duy tri tot chat lwong dich vu 4G.
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YEU CAU BAO HO
1. Phuong phép hiéu chinh tin s6 noi tai ctia hé théng eNodeB tai thuc dia dya trén ngudn
ddng bo tham khao tir hé théng dinh vi toan cau (Global Positioning System - GPS) bao
gdm céc budc sau:

a) tao cbng chdr co thé truyén nhan tin hiéu nbi tiép (Universal asynchronous receiver-
transmitter - UART) va xung 1 Hz trén phan cting ctia hé thdng eNodeB nay;

b) tao mo-dun roi nhan tin hiéu GPS phi hop véi cong che di dugce tao trong budc a) dé
hé théng eNode B nay c6 thé nhan dugc xung 1 Hz va thong tin vé tinh nhan dugce tr hé
thong GPS;

¢) tao chip phil hop c6 ngudn ddng bd tham khao tir xung 1 Hz nay trén phan ctmg clia hé
théng eNodeB nay;

d) két ndi mo-dun nhén tin hiéu GPS da dugc tao ra & budc b) vao hé théng eNodeB nay
thong qua cong chd nay va ciu hinh chip nay dé nhan xung 1 Hz nay 1am ngudn tan sb
tham khao;

e) thiét 14p ang-ten GPS dé nhan tin hiéu GPS, dé cho khéi vong khoa pha s (Digital Phase
Lock Loop - DPLL) khoa dong bd v& tin s6 va pha véi tan sd ciia hé thong GPS;

f) sau khi xac dinh trang thai hoat dong khoa kin cua khéi DPLL nay va chip nay bang
phan mém, thuc hién luu lai dit liéu cta bd cdu hinh gid tri diéu chinh tan s (Frequency
tuning word - FTW) ma chip nay tinh toan dugc sau mdi 30 gidy; va

g) ngét két ndi GPS cuia hé théng sau thoi gian nam trong khoang tir 0,5 gior dén 2 gio, va
bd ciu hinh FTW sé& duoc ghi vao thanh ghi FTW cua chip nay khi chay tu do.
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