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(57) Sang ché de Xuat phuong phap giam sat chat luong tin hiéu tuyen thu trén cac thiét bi

thu phat vo tuyén bao gdm budc ldy mau, budc tinh toan coéng suit va budc canh bao 16i.

Pong thoi, sang ché ciing dé xuat khéi giam sat chat lugng tin hiéu cua tuyén thu trén cac

thiét bi thu phat vo tuyén, ciing nhu mo ta phuong an trién khai cu thé trén b thu phat

song cao tan (Radio Remote Head - RRH) cua thiét bi vién thong do VITEK san xuat.
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Linh vire k§ thuit dwoc dé cap

Sang ché dé cap dén phuong phap va khéi giam sat tin hiéu tuyén thu ciia bo thu
phat séng cao tin (Radio Remote Head - RRH) nham canh bao céc 16i c6 thé xay ra trong
phén ctimg cia RRH nay. Phuong phép va khdi nay gitp hd trg qua trinh van hanh va khai
thac RRH duogc d& dang va c6 thé chi dong thay thé RRH ngay sau khi xay ra 16i phan
ctng, giam thiéu dugc thoi gian gian doan cung cip dich vu.

Tinh trang k¥ thuit cia sang ché

Trong cé4c hé théng vién thong 4G, RRH 1a thiét bi giao tiép v6i moi truong truyén
song vo tuyén, chét lugng dich vu ctiia hé théng hoan toan phu thudc vao chét lugng thu va
phat séng cua RRH.

Mot tram thu phat séng vién théng 4G néu xem xét theo tuyén phat, thi dir liéu
ngudi ding duoc 1ap lich va dong goi ¢ dang dit lidu sé & cac Lép 3, Lép 2 va Lép 1 trén
khéi xtr Iy bang gdc (Based Band Unit - BBU) trudc khi duge chuyén sang RRH thong
qua chuén giao tiép v6 tuyén (Common Public Radio Interface - CPRI). Tai RRH, dit liéu
s tiép tuc dugc chuyén dén cac khdi tién xir 1y s6 bao gbm khdi taing mau, khéi giam do
chénh léch dinh tin hiéu, khdi khir méo phi tuyén ctia b khuéch dai trude khi duoc chuyén
d6i thanh tin hiéu tvong tu va phat ra méi trudng v6 tuyén. Tuy nhién, viéc dam bao chét
luong ctia tuyén phat s& khéng nim trong pham vi ciia sang ché nay.

Sang ché tap trung vao chét lugng tuyén thu cia RRH. Xét theo tuyén thu, thi tin
hi¢u thu dugc giai diéu ché & cao tan, xuéng trung tan, roi qua céc khdi khuéch dai trung
gian, trudc khi bién dbi sang dang tin hiéu sb va tiép tuc xir Iy & cac budc tiép theo trong
mang cbng l4p trinh duoc dang truong (Field-Programmable Gate Array - FPGA). Tai
FPGA, tin hiéu ang ten thu dugc xtr Iy tach ra thanh hai nhanh tryc giao (In Phase - I va
Quadrature - Q), sau d6 dugc loc dé loai bé cac thanh phan phat sinh khong mong mudn,
trude khi duoc déng goi vao khung CPRI, truyén sang BBU dé tiép tuc xtr 1y tai Lop 1,
Lé6p 2 va Lop 3 trude khi chuyén vé mang 15i ciia hé thong vién thong.

Theo trinh tw xt 1y truyén théng trén déy, thi chit luong ctia tin hiéu thu, ciing nhur
kha nang giai ma cua tin hiéu hoan toan chi dugc x4c dinh tai Lép 1 cua BBU. Trong
trudng hop chét luong tin hiéu cia tuyén thu tai Lép 1 dugc xac dinh 14 tot, tirc 1a giai ma
duge cac thong tin mong mudn thu duoc tir méi trudng, thi khéng c6 van dé gi xay ra. Tuy
nhién, trén thuc té, chat lugng tin hi€u thu duge tai Lép 1 trong mot sb truong hgp chua
tot, thi viéc xac dinh chinh xac khu vuc gdy ra 161, ddn dén suy giam chét lugng tin hiéu
thu 1a twong dbi kho khan, vi 15i ¢ thé xay ra do chinh thuat toan xac dinh chat lwong tin
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hiéu thu tai Lép 1 hodc do 131 ctia phan xir Iy sb tai FPGA hodc do 1i ciia phan cting tuyén
thu (bao gé)m bo chuyén ddi tin hiéu tuong tu sang tin hi¢u sb, bo khuéch dai, bd loc hodc
b6 khuéch dai tap A&m thép. ).

Do 13i c6 thé xay ra tai bat ctr ddu, nén gy kho khan cho qua trinh khoanh ving 13i
(dic biét 1a trong giai doan phat trién san phdm) hoic khé canh bao kip thoi cac 161 phan
ctmg cling nhu dua ra yéu cau thay thé thiét bi (trong qua trinh van hanh khai thac thiét bj).
Véi nhiing 1y do néu trén, giai phap giam sat chét luong tin hiéu thu tai FPGA dé hd trg
canh bao 15i do phan cting gay ra 14 hét sirc can thiét.

Ban chét k§ thuit ciia sang ché

Dé giai quyét duoc van dé néu trén, cac tac gia sang ché dé xuat phuong phap gidm
sat tin hiéu tuyén thu truc tuyén (Uplink Signal Realtime Monitoring — USRM). Céc tac
gia sang ché cling dé xuat khdi USRM c6 kha nang giam sét chat lugng tin hiéu tuyén thu
ngay trén RRH ma cu thé 1a tai FPGA. Théng qua khdi USRM, c6 thé phat hién dugc cac
16i phat sinh ctia phan cimg tuyén thu.

Trong giai doan phat trién san phdm, khéi USRM s& gitip cac k§ su phat trién san
pham c6 thé phat hién 151 & phan cimg hay thuat toan phan mém trén co sé d6 c6 thé rut
ngén duoc thoi gian phat trién san pham. Mat khac, trong giai doan khai thac san phim dé
cung cip dich vu, thi khéi USRM s& giup phat hién kip thoi cac 18i & phan ctng va dua ra
canh bao dé cac nhan vién van hanh c6 thé chu dong thay thé cac thiét bi phan cing c6 lién
quan, giam thiéu duoc thoi gian gian doan cung cap dich vu trén mang luéi.

Trén thuc té, khi khéao sat cac tinh huéng tuong tng véi cac trang thai lam viéc khac
nhau cia RRH, thu duoc két qua nhu sau:

- Khi tin hi¢u thu giy hién tugng bao hoa tin hiéu thu duoc trong FPGA, thi nguyén
nhén c6 thé do cong suét tin hiéu dau vao qua 16n hodc c6 18i trong qua trinh ciu
hinh linh kién tuyén thu hoac 15i thiét ké phan cung.

- Khi tin hiéu thu duoc trong FPGA qua nhé, thi c6 thé héng mdt trong sb cac linh

kién trén tuyén thu hodc dang hoan toan khong c6 tin hiéu thu duoc tur thiét bi di

dong gtri 1én.

- Ngoai trir hai tinh huéng néu trén, thi ¢ thé hién thi mac tin hiéu thu dang ¢ trang

thai binh thuong.

Do d6, dé phéan biét dugc cac trang thai néu trén, dong thdi phan loai va phat ra cac
canh bao tuong mg, céc tac gia sang ché dé xuit phuong phap giam sat chat lwong tin hiéu
tuyén thu truc tuyén USRM bao gdm céc budc sau:

(i) 14y mau dit lidu voi sb lwong mau da dé tinh toan cong sudt mién sb cta tuyén thu; trong
d6 s6 lugng mau nay co gia tri 1a liiy thira cua 2;
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(ii) tinh toan cdng suét tin hiéu trong mién s theo cong thire (1) dudi day:
z 2 2
> +o
dBFSleIOglof—o—zN—— (1)
(iii) canh bao 131 bang cach tién hanh d4nh gia mirc cong suat dBFS tinh toan dugc dé xac
dinh xem murc cong suit nay c6 nam trong viing 1am viéc binh thuong hay khong, hién thi
cac canh bo twong ung véi tinh huéng duge phét hién va g canh bao 16i nay dén nguoi
st dung trong qué trinh van hanh RRH; trong d6 cic canh bao 18i nay dugc hién thi theo
cac ngudng gia tri cong suit dBFS sau:
- ngudng réat thap: néu gia tri cong suit dBFS do duoc dudi mic ngudng nay, thi
khéi canh bao 13i s& thong bao “c6 16i phan cimg” (HW BROKEN);
- ngudng thap: néu gia tri cong sudt dBFS do dugc dudi mirc cong suit nay, thi khbi
canh bao 13i s& thong bao “khong c6 tin hiéu vao” (NO INPUT);
- ngudng cao: néu gia tri cong sudt dBFS do dugc 16n hon ngudng thip va nhé hon
ngudng cao, thi khéi canh bao 15i s& thong bao “Trang thai binh thuong” (INPUT

NORMAL);

- ngudng rat cao: néu gia tri cong suit dBFS do dugc trén mirc cong suét nay, thi

khéi canh béo 13i s& thong bao “Tuyén thu bio hoa” (SATURATION).

Dé thuc hién phuong phap néu trén, céc tac gia sang ché ciing dé xuét khdi giam sat
chét Iuong tin hiéu tuyén thu truc tuyén (Uplink Signal Realtime Monitoring — USRM)
dugc tich hop trong céc bd thu phat song cao tAn RRH bao gdm céac khdi sau:

(i) khéi 14y mAu di liéu duge van hanh dé thuc hién ldy mau cta 2V cip I/Q;
(ii) khéi tinh toan cong suit dugc van hanh dé tinh cong sudt trung binh (dBFS) ctia 2N cap
1/Q bao gdm: bd cong tdng 2 phin tir I va 2N phan tir Q trén FPGA tir khéi 1y mau va bo
tinh gia tri dBFS theo cong thire (1) trén bo vi diéu khién (ARM); va
(iii) khéi canh béo 13i dugc van hanh, dya trén cac gié tri ngudng da duoc thiét 1ap trudce
theo cAu hinh cu thé cua thiét bi, dé phan loai cdc mirc cong sudt va dua ra cac canh bao
tuong ting véi trang thai cia RRH.
MBS ta vin tit cac hinh vé

Hinh 1 14 hinh v& md ta ludng xir 1y dit liéu trong eNodeB ctia tram thu phat gbc 4G.

Hinh 2 14 hinh v& mb ta ludng xir 1y dit liéu trong eNodeB clia tram thu phét goc 4G
sau khi tich hgp khdi USRM.
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Hinh 3 1a do thi céng sut thé hién cac mirc ngudng tuong Gng v6i cac tinh huébng
khac nhau cua RRH.

Hinh 4 12 hinh v& thé hién cac trang thai hoat dong ciia khdi USRM tuong Gng véi
cac gié tri cong suat (dBFS) do dugc.

Hinh 5 12 hinh v& md ta cac buée thuc hién cia khdéi USRM.
Hinh 6 13 so db trién khai thuc t& khdi USRM trén RRH do VTTEK san xuat.

Hinh 7 12 anh chup thé hién thir nghiém thuc té trién khai khdi USRM, trong d6 xay
ra tinh huéng hong phan cting.

Hinh 8 12 anh chup thé hién thir nghiém thuc té trién khai khdi USRM, trong d6 xay
ra tinh hubng tin hiéu thu dugc nhé nhung van & trong ving cho phép.

Hinh 9 1a anh chup thé hién thir nghiém thuc té trién khai khdi USRM, trong d6 xay
ra tinh hudng tin hiéu thu qua 16n, gay bio hoa phan xit ly twong tu trén RRH.

MO ta chi tiét sang ché
Sau day, phuong phap giam sat tin hiéu tuyén thu truc tuyén USRM (cac bude thuc

hién ctia khdi USRM) va khéi USRM theo sang ché ciing nhw qué trinh trién khai khéi
USRM trén FPGA véi su hd trg tinh toan cta vi xtr Iy ARM sé& dugc mo ta chi tiét.

Hinh 1 mo ta ludng xtr 1y tin hiéu trong eNodeB cta tram thu phat gbc trude khi
tich hop khdi USRM. O day, ludng xir Iy tuyén phat s& khong dwoc dé cap chi tiét ma
chung ta chi tp trung vao tuyén thu. Theo tuyén thu, tin hiéu thu dugc tir mdi trudng dugce
xtt Iy qua cac khéi tuong tu bén ngoai, chuyén déi tir tin hiéu twong tu sang tin hiéu s6 va
chuyén t6i FPGA. Trong FPGA, tin hiéu dng ten & dang 56 s& duge tron boi séng trung tan
(70Mhz) va tach thanh hai tin hiéu truc giao I/Q. Sau do, hai tin hiéu I/Q dugc giam tan s6
14y méu xudng twong mg véi tin s6 14y mau BB va dugc loc thong thip dé loai bo thanh
phén tAn sb cao, chi git lai thanh phan tin sb BB trudc khi déng vao khung CPRI dé gui
vé BBU.

Hinh 2 md ta ludng xir 1y tin hiéu trong eNodeB cta tram thu phat gbc sau khi tich
hop khéi USRM. Nhu dugc thé hién trong hinh 2, khdi USRM bao gom ba khoi xir ly
chinh: khdi 14y mAu, khéi tinh toan cong sudt va khéi canh béo 16i. Ludng xt 1y dit liéu
tuyén thu van giéng nhu trong trudng hop khong tich hop khéi USRM. Tuy nhién, ludng
tin hiéu I/Q sau khi duoc tach ra tir tin hi€u ang ten s€ dugc ré nhanh dé dua vao khoi léy
mAu, trude khi dua vao khéi tinh toan cong sudt va so sanh véi cac mirc ngudng da duge
thiét 1ap trudc tai khéi canh béo 15i. Viéc r& nhanh nay chi don thuén la dong téc sao chép
lai dit lidu I/Q dé dua vao khdi tinh toan, khong lam thay ddi ban chét cta ludng xi 1y dit
liéu tuyén thu nhu & Hinh 1. Cu thé hoat dong ctia ba khéi thanh phan ctia USRM nhur sau:

Khéi ldy mdu:
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Khéi nay s€ c6 nhiém vu chinh la léy mau da sd lugng can thiét dé phuc vu cho
budce tinh toan cong sudt mién s6 cua tuyén thu theo cong thirc (1) dudi day. S6 lugng miu
s& quyét dinh do chinh xac ctia phép tinh so v6i mirc cong suét s6 1y thuyét (tirc 1a do chinh
x4c tinh trén toan bo sé mau trén mdi khung v6 tuyén - 10ms). Theo nghién ctru clia cac
tac gia sang ché, dé vira dat d6 chinh xac tuong ddi thi s6 lugng mau 14 khoang 16.000
mau va dé d& dang cho viéc tinh todn thi s luong méu 14 Iy thira ctia 2. Cu thé, sang ché
dé xudt s lvgng mau 1a 16.384 miu (2'*), mbi mau gém 16 bit va cho hai thanh phan tinh

hiéu I va Q (téng cong 1a 32 bit cho mdi tin hiéu dng ten nhan tir moi trudng).
Khéi tinh todn céng sudt:

Sau khi c6 dugc cac gia tri mau I va Q, viéc tinh toan cong suét tin hiéu trong mién
s6 ¢o thé dugc tinh theo cong thic (1), véi bo tin hi€u co6 N mau, (chon N=16.384=2"4):
214 ) :
DI+
dBFS=1010gIOk:O—2M—— (1)

V6i viée chon N 12 Ity thira ctia 2 (cu thé nhu trén da chon 1 16.384), ta c6 thé dé
dang tinh duoc gia tri trung binh ctia tong binh phuong I va Q trén FPGA. Tuy nhién, viéc
tinh log;o thi can phai c6 su tro giup cia ARM, tin dung céc thu vién sin c6 trén moi
truong nhung C.

Khoi canh bdo 61
Khoi nay s& dua vao cac mirc cong suat dBFS do dugce cia khoi tinh toan trén dé

quyét dinh xem céc mirc cong suét c6 trong viing lam viéc binh thuong hay khong dé hién
thi cac tinh hubng canh bao twong ting.

Hinh 3 mé ta cdc mic ngudng cong sut (dBFS) twong tmg véi cac tinh hudng bi
héng phén ctng, hodc thiét ké phan cing sai, hozc do cAu hinh sai, gy cac cac hién tuong
bét thuong cua gié tri dBFS. Trén hinh c6 4 mirc d9: ngudng rat thip, ngudng thip, ngudng
cao va ngudng rat cao. Céc gia tri cong sudt cuia tin hiéu thu dugc sé so sanh vé6i cac nguong
nay dé danh gia duoc tinh trang ctia phin cung, gia tri cu thé cla cac ngudng ndy s& duoc
xé4c dinh & cac phan sau.

Hinh 4 12 md ta khéi canh bao 18i thuc hién phan viing mtrc tin hiéu va canh bao céac
161 twong tng cén clr vao cac ngudng cong suét nhu mé ta & Hinh 3. Cac ngudng cong suat
tuong (mg phai dugc khao sat thuc té, thay d6i phu thudc vao thiét ké phan cimg va ciu
hinh cta hé théng (vi du cac thong sé anh huéng gdm bang thong, tan s trung tim cua
séng mang cao tan, hodc thiét ké phan cing thay db1). Cu thé phuong phap phan viing nhur
sau:

- Vung rét thap: Canh bao héng linh kién phén cung.
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- Vung lam viéc binh thudng:

Néu c6 cac hién tuong bao hoa: canh bao chuén bi bio hoa.
Néu ¢ muc nho hon ngudng thip: canh bao khong c6 tin hiéu thu.
Khong ¢ cac hién tuong trén: hoat dong binh thuong.

- Viing cong sudt qué cao:

Canh béo bdo hoa, cau hinh sai.

Mt khéac, dé thuan tién khi ap dung, tich hop khdi USRM, céac muc ngudng cong
suét trén c6 thé duoc thiét ké dé thay dbi duoc trong qud trinh van hanh khai thac thiét bi
va c6 thé dugc thay d6i boi ngudi stir dung (thdng qua giao dién véi ARM).

Luu do cac budce xi Iy cua khéi USRM duge mo ta nhu Hinh 5, bao gom:
- Thyc hién 14y mAu di liéu thuc té & dang s6 trong FPGA.

- Tinh toan céng suat trung binh (dBFS) tirc thoi trén tong s6 mau ldy duoc (thuc
hién phéi hop trén ca FPGA va ARM).

- Phan loai c4c muc cong sudt thuc hién trén ARM, & ba trang thai:

Mitc rat thap (do héng phan cting).
Mitc thip (khong phai do hong phan cimg).
Mtrc binh thuong.

- Vi trudng hop mire binh thuong, thi cin kiém tra xem c6 hién twgng bdo hoa hay
khong (dé khong b sot 15i thiét k& phan cting hodc cdu hinh chua ding tuyén thu).

- Thue hién canh bao cac vin dé phan ctng tuong ing véi cic trang thdi trén, va co
thé canh bao 1én hé théng canh bao giam sat dé thong bao véi trung tam diéu hanh mang
ludi.

Nhu vay, v6i 3 khdi chte nang trén ddy (1iy mAu, tinh cong sut va canh bao 151),
chung ta c6 thé lién tuc giam sat mirc cong suat clia tuyén thu (dBFS), qua d6 dua ra cac
mitc canh bao can thiét v& tinh trang hoat dong ciia tuyén thu RRH trong qua trinh vén
hanh, khai thac thiét bi.

Vi du thwe hién sang ché

Phuong thuc trién khai thuc té khéi USRM duge md ta & Hinh 6. Thyc hién trén
khéi RRH ciia VITEK san xuit, ciu hinh hé théng nhu sau:

- Bing tin (bandwidth): 10Mhz;

- CPRI4,9G, 15 Bit 1Q;

- Dai (Band) 3, tan sb phat 1,860 MHz; va

- Trén nén tang chip ZynQ7035 (bao gdbm FPGA va 2 16i vi xit Iy ARM).
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Theo dé, viéc tinh toan téng binh phuong ctia hai thanh phan I va Q theo cong thirc
(2) duoc thuc hién trén FPGA vé6i 2'* mau.

ol

2 +0)
AVS == 2)
Trong d6, gi tri cong suat AVS la trung binh cua téng binh phuwong I va Q. Viéc
tinh téng binh phuong dugc cong ddn lién tuc dén khi du 2'* miu, sau d6 sé& duoc dich di
14 bit, twong tng v6i phép chia cho 2.

Gia tri AVS dugc tinh toan trén FPGA nhim tan dung kha ning xt ly nhanh, dic
biét 1a cac phép toan cong don va kha ning dich bit d€ dang. AVS dugc luu vao 1 thanh
ghi trén FPGA va s& dugc ARM doc ra qua giao dién bus AXI sau do s€ tiép tuc duoc tinh
toan phép log10 trén ARM nhu cong thirc (3) dé quy ra gié tri dBFS.

dBFS =10log,,(AVS) (3)

Gia tri dBFS sau khi dugc tinh trén ARM sé& dugce so sanh véi cac cadc murc cong
sudt ngudng nham dua ra cac canh bio twong (g vé kha nang bi 18i phan ctng hoac 18i
thiét ké hodc 131 cAu hinh ciia phin cung. Cu thé, sau khi khao sét cac miic ngudng cla
cong suit dau vao tir tuyén thu (dBm), twong ing v6i cac mirc cong sudt mién sé do duoc
trong RRH (dBFS), thi ta c6 Bang 1 nhu sau:
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Bang 1: Khao sdt twong ving mirc cong sudt tinh todn twong g véi cdc trang thdi

phan cimg va tin hiéu tuyén thu

L Cong
Gia tri .
suat vao | RSSI | AGC | dBFS ) L
P VSG suy . ) Déanh gia
- cua AGC Gain | FPGA
hao
RRH
Khong
c6 bd Canh bao: phan ctung da
N/A N/A 0,038 22 -64,3 ,
song hong
cong
VSG
Off 36 N/A 0,038 22 -45,1 | Canh bédo khong c6 tin
hiéu vao tuyén thu
-75 36 -111 0,038 22 -44.,6
-70 36 -106 0,038 22 -43.6
-65 36 -101 0,038 22 -40,6
-60 36 -96 0,038 22 -37,3
-55 36 91 0,038 22 -32,9
-50 36 -86 0,04 22 -28,1
-45 36 -81 0,048 22 -233 .
Vung lam viéc binh
-40 36 -76 0,132 | 17,512 | -19,8 .
thuong cda thiét bi
-35 36 -71 0,265 | 12,99 | -19,6
-30 36 -66 0,4 8,4 -19,6
-25 36 -61 0,53 3,98 | -19.6
-20 36 -56 0,67 -0,78 | -19,6
-15 36 -51 0,81 -5,54 | -19,7
-10 36 -46 0,99 | -11,66 | -19,8
-9 36 -45 2,37 -12 -19
-35 6 -41 2,48 -12 -15,1 | Canh bao dang lam viéc
-30 6 -36 2,48 -12 -12,1 | trong vung bao hoa cua
-25 6 -31 2,48 .12 | -11,1 | khdi bién doi twong tu
-20 6 -26 2,48 12 | elE sang sb
-15 6 -21 2,48 -12 -11,7

N/A: Khong ap dung
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Can ¢t vao bang khao sat thuc té nay, trong didu kién cdu hinh nhu di mb ta trén day,

thi cdc mirc cong suat ngudng canh bao co6 thé chon twong tng nhu sau:

Ngudng rat thip = -64,3 dBFS:

Duéi mirc ngudng nay, thi khdi canh béo 15i sé thong bao “c6 16i phan cling”

Ngudng thap = -44,6 dBFS:

Dudi mirc cdng suat nay, thi khoi canh bao 16i s& thong bao “khong c6 tin hiéu vao”

Ngudng cao = -19,8 dBFS:

Gi4 tri do duge 16n hon Ngudng Thap va nho hon Ngudng Cao, thi khéi canh bao

1561 s& thong bao “Trang thai binh thuong”

Ngudng rat cao = -19 dBFS:

Trén mirc cong suat nay, thi khoi canh bao 15i sé thong bao “Tuyén thu bdo hoa”

Nhu vdy, véi bon mirc ngudng cong suat trén, ta c6 thé canh bao twong doi day du

nhiing trang thai cua chét lugng tuyén thu, cu thé 1a bdn trang théi sau:

Héng phan cimg

Khéng c6 tin hiéu vao tuyén thu
Trang thai binh thudong

Trang thai b3o hoa

K&t qua trién khai thuc té trén FPGA ZynQ035, cho thy viéc tiéu tn tai nguyén khi
tich hop khdi USRM nay la khong dang ké (Bang 2), chi ting khoang 7% tai nguyén
FlipFlop, hoan toan kha thi dé trién khai vao san pham thuong mai, ma khong phat sinh

thém bt ky chi phi nao.
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Bang 2: So sanh tai nguyén trudc va sau khi tich hop khéi USRM lén RRH do VITEK

sdn xudt
77035 Heé théng c6 tich hop Hé théng RRH truyén )
USRM thong Thay doi
Tai < Tang
) Sén co ] . St dung | % Sur dung
nguyén St dung | % Sir dung (%)

LUT 171900 56748 33,01 46507 27,05 5,96
LUTRAM | 70400 8582 12,19 8565 12,17 0,02
FF 343800 | 138613 40,32 | 114313 33,25 7,07
BRAM 500 234 46,80 234 46,80 0,00
DSP 900 560 62,22 552 61,33 0,89
IO 250 197 78,80 197 78,80 0,00
GT 8 1 12,50 1 12,50 0,00
BUFG 32 23 71,88 23 71,88 0,00
MMCM 6 75,00 6 75,00 0,00
PLL 2 25,00 2 25,00 0,00

Hinh 7, 8, 9 tuong tmg 13 két qua thir nghiém ddi v6i ba truong hop:

- Trudng hop hoan toan khéng c6 phan nhén tin hiéu thu, tirc 1a théo roi khéi song
cong. Trong trudng hop nay, khdi canh bao 16i hién thi trang thai “Hong phan ctmg” (HW
BROKEN).

- Trudng hop cong suit & mic rat thip, twong (mg véi vi tri bién ving phu, cong
suét ddu vao 1a -116dBm. Trong trudong hgp nay, khdi canh béo 13i hién thi trang thai “Tin
hi€u binh thuong” (INPUT NORMAL).

- Trudng hop cong suat & muc cao (hoic cAu hinh sai, thiét ké sai phan ctng) giy
bado hoa, twrong duwong véi tinh hubng cong suat dau vao & muc 1a -43dBm. Trong truong
hop nay, khéi canh bao 13i hién thi trang thai “Tin hiéu bdo hoa” (SATURATION).

Céc thi nghiém nay cho thiy kha ning canh béo ctia tinh ning USRM tuong (g véi
cac truong hop tin hiéu thu c6 hién tugng bét thuong, khi van hanh RRH trén thuc té.
Hiéu qua dat dwoc clia sang ché

Khéi USRM nhu md ta & sang ché nay 1a khdi canh bao c¢6 y nghia quan trong trong
viéc giam sat trang thai hién tai cua tuyén thu. Do lam viéc doc lap véi chirc ning xur ly
cia Ldp 1, nén s€ l1a kénh canh bao hitu hiéu, d6i v6i cac sai hong phan ciing ma phia Lép
1 hau nhu rt khé phan biét. Ngoai ra, phuong phéap da tan dung dugc cac uu diém tinh
todn ctia cd FPGA va ARM va dé xuét dugc phuong 4n trién khai kha thi, chi dya trén nén

-11-
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tang phan cung dang c6 trén thiét bi RRH ctia VITEK. Do d6, tac gia da xdy dung duoc
khéi USRM canh béo hiéu qua ma khong yéu ciu thiét ké lai phan cing ciing nhur ting gia

thanh cua san pham.

-12-
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YEU CAU BAO HO

1. Phuong phap giam sat chit luong tin hiéu tuyén thu trén cac thiét bi thu phat vo tuyén
(Radio Remote Head - RRH), bao g0m céc bude sau:

(i) 1ay mau dit liéu v6i s6 lugng mau du dé tinh toan cong suat mién so cua tuyén thu; trong

d6 s6 lugng mau nay c6 gia tri 1a iy thira cta 2 (2V);

(ii) tinh toan gia tri cong suat trung binh (dBFS) cua tin hiéu trong mién sd theo cong thirc
(1) duéi day:

N
20 +0)
dBFSlelogmi—zN—— (1)

(iii) canh béo 15i bang cach tién hanh danh gia mirc cong suat dBFS tinh toén dugc dé xéc
dinh xem mirc cOng suét nay c6 nam trong ving lam viéc binh thuong hay khong, hién thi
céc canh bao tuong img véi tinh hudng dwgc phat hién va gii canh bao 16i nay dén nguoi
st dung trong qua trinh van hanh RRH; trong d6 cac canh bao 161 nay duoc hién thi theo
cac ngudng gia tri cong suét dBFS sau (tuy thudc vao ting c4u hinh cua thiét bi thu phat
v tuyén s& c6 nhitng ngudng gi4 tri canh bao cu thé khac nhau) :

- ngudng rét thip: néu gia tri cong suat dBFS do dugc dudi mirc ngudng nay, thi
khéi canh bao 13i s& théng bao “c6 18i phan cimg” (HW BROKEN);

- ngudng thip: néu gia tri cong sudt dBFS do dugc du6i mirc cong sut nay, thi khbi
canh bao 16i s& thong bao “khong c6 tin hiéu vao” (NO INPUT);

- ngudng cao: néu gia tri cong suat dBFS do dugc 16n hon ngudng thap va nho hon
ngudng cao, thi khdi canh bdo 18i sé thong bdo “Trang thai binh thuong” (INPUT
NORMAL);

- ngudng rat cao: néu gia tri cong suat dBFS do duogc trén muc céng suat nay, thi
khéi canh bao 13i s& théng bao “Tuyén thu bio hoa” (SATURATION).

2. Khéi giam sat chit luong tin hiéu tuyén thu truc tuyén (Uplink Signal Realtime
Monitoring — USRM) dugc tich hop trén céac thiét bi thu phat vo tuyén (RRH) bao g0m céc
khdi sau:

(i) khéi 14y mAu dir liéu duge van hanh dé thuc hién lay méau cta 2N cap 1/Q;

(ii) khi tinh toan cong suit dugc van hanh dé tinh cong suat trung binh (dBFS) cua 2N cap
1/Q bao gdm: bd cong tong 2N phan tir I va 2N phin ti Q trén FPGA tir khéi 1y mau va b
tinh gia tri dBFS theo cong thirc (1) duéi day trén bo vi diéu khién (ARM):

-13-
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2 +9)

dBFSZIOIOgIOLzN— (1);va

(iii) khéi canh bao 16i duoc van hanh, dua trén cac gia tri ngudng da dugc thiét 1ap trude
theo cau hinh cu thé cuia thiét bi, dé phan loai cAc murc cOng suat va dua ra cac canh bao

tuong ting véi trang théai cua RRH.
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Chuén
, Lop1l |giao ti€p
e 23 (X lytin | vién |
P hidu) | théng
(CPRI)
Khai xt ly Bang géc
Chuan

Lopl |giao tiép
(X lytin | vién

higu) thong
(CPRI)

Lop 2,
Lép3

Khéi xt ly Bing géc
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" Khéi Khéi xir Khai Chuyén
Khéi o L . doi s6
ting giam ly méo giao sang
x_ —»| dinh »  phi | tiép B
mau PR ~ twong
tin hiéu tuyén twong
(buq) (CFR) (DPD) tw w
Chuan : (DAC)
giao
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vién
thong Khai N ~
(CPRI) Khéi Loc gidm |, Khéi Khai Chuyén
(Filter) < miu | tach tin 20 dai
(Dbo) hiéu | %ép . twong
L KI;’o'i tg';:; twong w:;ng
P 0i Loc giam |
< (Filter) [ mau [T /@) tr (ADC)
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x> —# dinh > phi > tidp -
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(DUC) tin hiéu tuyén twong e
CFR] DPD tw
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giao
n| tiEp
"1 vién
thong | Khai Khi Chuve
(CPRI Khéi Loc| gidgm |, oi & UZE“
Ve (Filter) | miu | ©|tach tin KI':: dsi
(bpC) hiéu iép P twong
Khai tl:uc twong w sang
Khéi Loc gidm | giao s6
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(DDC)
-——-—-——-—--——— = 1 Cac linh kién phan cirng...
= [
I - I
| —> - =
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i =
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Kh&i didu | phan cimg | | — - |
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sat 1 — = !
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I Khéi USRM dé xudt I




[dBFS]

Ngudng rat thap

Ngudng thap Ngudng cao

S B B

1zc -10C 80 -6l -0 0
) B . in

. Ngudng rat cao
Nguéng cao =
= - 58—
o Nguéngthap
== dBFS FPGA
- — V— = = T S ‘6,8,_.,
Ngudng rat thap

- © Céngsudtvao RRH [dBm] T

_— \‘\

Ngudng rat cao
_—

dBFS
B

Vung rat thap:
- ¢6 thé héng linh kién

Vung lam viéc binh thwong:
- ¢6 thé chuan bi b3o hoa
- ¢6 thé khdng c6 tin hiéu thu
- hodc binh thuong

Hinh 4
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Viung céng suit qua cao:
- C6 thé bao hoa, cau hinh sai
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. Lay mau
Thuc hién Al o
trén FPGA T
dang so
A 4
Thuc hién L .
trén FPGA v3 Tinh cong suat
ARM trung binh
Murc cong sudt A ] Mrc cdng sudt &
( ",,__4,_,“,, Phan loai mirc ngudng qua thap
cdng suat
N Mtrc céng suat & ngudng
Thyee hién thap (chap nhan duoc)
trén ARM
. v '
Khéng canh Canh bso bio Canh bdo chwa ¢6 Canh béo héng
\ béo (tin hiéu hoa tin hidu tin hiéu thu ttr linh kién phan
binh thwdrng) ; thiét bi di déng cirng
Hinh 5
Khai -
Chudn | . |Knéitoe| ! gidm | Khéi Khéi Chuyen
giao || (Fitter) [ miu [ |tach tin o dsi
tiép (o) hiéu | %ié' P twong
D s EIT v tree | tu'o’::g A tu sang
théng Khéi Loc| | Q| giam | giao o s6
(CPRI) (Filter) I h ‘ (ADC)
— Cac linh kién phan cing...

FPGA
Cactrang |
thaildi |
Khéi didu | phan c(rngl &=
khién gidam |<¢
sat L
! ARM
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¥on Jan 5 18:17:06 1979
Channel:
Raw Data:
Float Data:
dBFS:
Status:

0. 60066004
-63.94913
NO INAL

Channel:
Raw Data:
©.666898
64.186462

Hi¥ BROKEN

Raw Ds
Float Data:
dBFS:

Stat

Channel

Raw Da

Float Data:
-43. 4
INPUT NORMAL

-18.473193 41.1
SATURATION INPUT
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