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(57) Sang ché dé xuat phuong phap khuéch dai hé sé tu dong diéu chinh trong cac thiét bi
thu phat song vo tuyén (Remote Radio Head - RRH) bang cach sir dung két hop bd khuéch
dai c6 hé s diéu chinh dugc (Variable Gain Amplifier - VGA) va vi mach s6 kha trinh
(Field-Programmable Gate Array - FPGA), bao gom: 1) tinh h¢ s6 cong suat tin hiéu mot
chiéu (Direct current - DC) (kh01 tinh toan DC_Offset); ii) tinh cong suat trong mién sd
(khéi tinh toan DBFS) bao gom budc thu thap lugng dir liéu can thiét phuc vu tinh toan va
tinh mirc cong suat sd trung binh; va iii) diéu chinh hé s ctia bd VGA (khi diéu khién
VGA) cin ¢t vao muc cong suat do duge ¢ bude ii), trong do, cac murc ngudng va hé sd
diéu chinh déu c6 thé duoc lua chon tuy ¥y nho vao kha nang lap trinh lai dugc cia FPGA.
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Linh vuc k§ thuit dwoc dé cip

Sang ché dé cap dén phuong phap khuéch dai hé s tu dong diéu chinh bing
cach st dung két hop bd khuéch dai c6 hé sb didu chinh dugc (Variable Gain Amplifier
- VGA) va vi mach sb kha trinh (Field-Programmable Gate Array — FPGA) dé thuc
hién chtrc ning cta bd khuéch dai hé s tw dong diéu chinh (Auto Gain Control — AGC),
duoc trién khai trén tuyén thu cua thiét bi thu phat séng vo tuyén nhiam thay thé cho
AGC, trong d6, cac mirc ngudng va hé s6 didu chinh déu c6 thé duoc lya chon tiy ¥
nho vao kha ning 14p trinh lai dugc cia FPGA ma khong phai tac dong dén phéan cing.

Tinh trang ky thuit cia sang ché

Bo khuéch dai hé-sd ty dong didu chinh AGC déng vai trd quan trong trén tuyén
thu cta cac thiét bi thu phat séng vo tuyén (Remote Radio Head — RRH). AGC s& quyét
dinh dai lam viéc cta tuyén thu, vira ddm bao cho tuyén thu khong bi bio hoa khi cong
suit nhan duoc tir cac thiét bi ngudi ding qua 16n, ddng thoi ciing khong duge quéa nhd
d8 dam bao chi sé tin hidu trén nhidu & muc t&i wu cho viéc gidi ma tin hiéu thu. Do c6
vai trd quan trong nhu vay, nén thong thuong AGC can phai ¢6 chét luong t6t va hoat
dong on dinh. Trén thuc té, AGC chiém ty trong tuong d6i 16n trong gia thanh cla phan
ctng thiét bi thu phat.

Trong céc hé thdng RRH, AGC thuong dugc bd tri ngay tai déu vao cuia bd
chuyén ddi tuong tu - s6 (Analog to Digital Converter - ADC) nhim dam bao tin hidu
tuyén thu ludn nam trong dai hoat dong tdt cia bd ADC ndy (mirc tin hiéu da 16n dé
thuc hién chuyén dbi tir tuong tu sang mién sb, ddm bao ti 18 tdi da gifta tin hi€u va
nhidu). Vi mdi loai ADC khéac nhau (sb luong bit ADC, hang san xuét, dong sin
pham), dai hoat dong tdi vu cia mdi ADC nay la khac nhau. Viéce thiét k& phéan cting dé
dap tng cho ting loai ADC phu thudc vao nhidu yéu t8. Sau khi hoan thanh viéc ché
tao phan ctng, viéc thay ddi va diéu chinh phan ctimg, ngudng hoat dong cia AGC va
ADC 1 kha khé khan va mat nhidu thoi gian, dic biét 1a khi s6 lvgng RRH 16n.

Mit khéc, trong cac thiét bi thu phat RRH, d&u c6 cac mach FPGA dé thyuc hién
X 1y tin hiéu sb trung gian gifta khéi xtr Iy bing gbe va phan mach tuong ty. Do do, tén
dung kha ndng 18p trinh dugc cia cac FPGA nay két hop v6i khdi VGA (c6 gia thanh

thip hon AGC) dé thay cho bd AGC (hién nay dang dugc st dyng phé bién) s& gitp
nang cao tinh linh dong cua thiét ké phan cting ddng thoi 1am gidm gié thanh san pham.

Ban chit ky thuit ciia sang ché
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Dé giai quyét dugc van dé néu trén, céc téc gia sang ché dé xuét phuong phap sir
dung két hop FPGA va VGA dé thay thé cho AGC, goi tat la phuong phép FAGC
(FPGA based Auto Gain Control). Nguyén ly chu yéu 1a thyc hién do gid tri cong suét
trong mién sd, ty thudc vao khoang gia tri cua cong sudt do dugc ma thuc hién diéu
chinh hé s khuéch dai twong tmg ciia VGA. Theo nguyén ly nay, mirc cong sudt dua
vao FPGA dugc diéu chinh ty dong va duy tri & muc cong sudt hop 1y (khong bi bio
hoa nhung van duy tri duge ty s tin hiéu trén nhidu & muc t&i vu). Piém dang cha y 1a
toan bd thao tac do cong suét, diéu chinh mirc cong sudt déu duoc trién khai trén FPGA,
do do, dat duge téc do didu chinh nhanh nhung cic mic ngudng du c6 thé duge didu
chinh mot cach linh dong, phu hop vdi cac thiét ké phin cing khéc nhau.

Séang ché d& xudt phwong phap khuéch dai hé sé ty dong diéu chinh trong cic
thiét bi thu phat song vo tuyén (Remote Radio Head — RRH) stt dung bd khuéch dai c6
hé sb diéu chinh duge (Variable Gain Amplifier - VGA) va vi mach s6 kha trinh (Field-
Programmable Gate Array — FPGA) hay con goi la "phuong phap FAGC", bao gdm cac
budc sau:

(i) tinh hé s cong suét tin hiéu mot chidu theo cong thirc sau:

2

DC _offset = 71[—2 X,

i=1
trong do:
- DC offset 1a hé s6 cong suét tin hidu mot chiéu (Direct Current — DC) khong
mong mubn cua tin hiéu;
- N 1a s6 luong miu dit liéu duge st dung dé tinh toan (phu thudc vao yéu cau
ctia mdi hé théng); va
- x; la dir liéu thir i dugce st dung dé tinh toan.
(ii) tinh cong sut trong mién s bang cach: trudc tién, thu thap da s lugng mau tin
hiéu trén FPGA va sau d6 tinh cong suét trong mién sb theo cong thirc sau:

dBFSval(i) = 20x loglo(f%@')

trong d6, std(X) 1a do léch chuén (standard deviation) ciia mang X (X gdbm N
mau dit liéu) va dugc tinh theo cong thirc:

(iii) didu khién bd VGA tuong ung voi mdi mirc cong suat s6 do dugc
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VGAtemp(i) khi G min < VGAtemp(i) < G max
VGA(i) = G min khi VGAtemp(i) < G min
G max khi VGAtemp(i) =2 G max

trong do,
VGAtemp(i) = VGA(i —1) + (dBFSval (i)~ dBFS,,, )

- dBFSqes 1a gid tri cOng suit ngudng thiét 1ap tham chiéu cho bdo VGA;

- Gmax la hé s6 khuéch dai tdi da cua VGA,;

- Gmin la hé s6 khuéch dai tdi thidu ciia VGA;

- VGAC() 12 hé sb suy hao ciia bd VGA tai thdi diém hién tai;

- VGA(G-1)lahe s6 suy hao ctia bd VGA tai thoi diém trudc lién ké;

- VGAtemp(i) 1a gid tri suy hao tinh toén tai thoi diém hién tai; va

- dBFSval(i) 12 gi4 tri cdng suit sb (dBFS) tinh toan dugc tai thoi diém hién tai.

Tai thoi diém khéi tao ban d4u, khi chua cé dit liéu diu vao, hé sb suy hao
VGA(0) = Gmax (h¢ théng thyc hién khuéch dai t6i da); cac thong $6 dBFSdes, Gmax,
Gmin déu c6 thé dugc lua chon linh dong thong qua phan mém quan ly trén vi xir ly
(Advanced RISC Machine - ARM) sao cho cong sut dau ra luén 6n dinh.

Thuc hién cac bude néu trén, gitp cho hé théng linh dong dé thay ddi theo thiét
ké phan cting khac nhau. Ngoai ra, viéc sit dung FPGA sén c6 két hop v6i khéi VGA ré
tidn hon so vdi AGC s& gitp giam gié thanh san phdm. Phuong phap FAGC theo séng
ché s& duoc trinh bay chi tiét dudi day.

MO ta vén tit cac hinh vé

Hinh 1 14 hinh v& dang so b khéi m ta phuong phap FAGC theo séng che.

Hinh 2 13 hinh v& dang so dd khéi mé ta cach tinh d9 léch chuén DC_Offset
trong phuong phap FAGC theo sang ché.

Hinh 3 12 hinh v& dang so dd khdi mo ta hoat dong cua khéi tinh toan cong sut s
dBFS trong phuong phap FAGC theo sang ché,

Hinh 4 13 hinh v& thé hién két qua khao sat cong sudt trung binh trén bing thong
20MHz st dung phuong phap FAGC theo sang ché.

Hinh 5 1& hinh v& dang so db khdi mo ta hoat dong ctia khoi tinh chinh gid trj VGA
str dung phuong phap FAGC theo sang ché.

Hinh 6 13 so d thé hién hé théng RRH c6 tich hop khéi VGA_Ctrl trién khai trén
FPGA 4p dung phuong phép FAGC theo sang ché.
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Hinh 7 12 hinh v& thé hién su bién ddi cua gia trj DBFS theo cong suét dau vao
trén hé théng RRH duoc trién khai trén thuc t& c6 st dung phuong phap FAGC theo
sang ché.

Hinh 8 1 hinh vé& thé hién két qua so sanh chét lwong hoat dong gitra phuong
phap FAGC va phuong phap da biét trong linh vuc k¥ thuét nay.

M0 ta chi tiét sang ché
Phén sau day sé mo ta chi tiét cac budc thuc hién phuong phap FAGC c6 so dd

thuc hién chung duoc thé hién trén Hinh 1. Hinh 1 1a hinh v& m6 ta phuwong phéap FAGC
theo sang ché gdm 4 budc:

Budc 1: Tinh hé sé cong sudt tin hiéu mot chiéu (Direct current - DC) (khéi tinh
toan DC_Offset).

Bué6c 2: Tinh cong sudt trong mién sb (khéi tinh toan DBFS).

Bude 3: Didu khién bd VGA tuong ting v6i mdi mirc cong sudt sd do dugc (khéi
diéu khién VGA).

Budc 4: Cho chip twong ty VGA dap Gng theo gid tri diéu khién coa bo didu
khién VGA.

Cu thé cac budc ctia phuong phap FAGC theo séng ché 12 nhu sau:
Buécl: tinh hé s6 cong sudt tin hiéu mot chiéu

Hinh 2 mb ta cach thire tinh hé s& cong sudt tin hidéu mot chidu (Direct current -
DC). Thong thuong, dit liéu vo tuyén trong hé thng vién thdng c6 gla tri trung binh
bang 0. Tuy nhién, khi thiét k& hé théng phéan cing, ludn c6 mirc nhifu nén cb dinh cta
hé théng mach twong tw, do d6 ludn c6 mirc cong suat DC ty nhién ciia hé thong. Mubdn
tinh chinh xc muc cong suit thu dugc tir thiét bi nguoi dung gt 1én, doi hoi he théng
can phai c6 giai phap khir di phan sai sb nay. Cong thic tinh hé sd cong suit tin hiéu
mot chiéu nhu sau:

N
DC_oﬁfvet=—1-in (1)
N3

Trong d6, sb lwong miu tinh gia tri DC_Offset hién tai 1a 4096 mau. Theo khao
sat thuc té, viéc tinh gid tri DBFS trén 2048 mAu cho d0 sai sb +£0,5dB. Viéc tang sd
lwong miu tinh toan tir 2048 1én 4096 nhim cai thién d6 chinh xac cua thuat todn. Qua
trinh tinh toan DC_Offset chi can thuc hién mét 1an duy nhét khi van hanh hé théng.
Gia tri DC_Offset nay, sau khi hé théng dugc khoi dong tai thoi diém dau tién, s& dugc
lvu vao bd nhé ¢d dinh dic trung cho mdi RRH. Hé théng s& tu dong doc gia tri
DC_Offset nay va gui vao khéi tinh toan DBFS nhdm muc dich tinh gia tri DBFS & céc
budc sau.
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Buée 2: tinh céng sudt trong mién so

Trong budc nay, trudce tién can thu thap dugc sé lwgng mau tin hi€u vira du aé
thuc hién tinh toan & cac budc sau (xem Hinh 3). Dit li¢u thuc té duoc thu thap truc tiép
trén FPGA, ngay tai dau ra ctia bd bién ddi ADC. Thuong chon sd lugng miu tuong
dwong voi mét t hop séng mang truc giao (tirc 12 khoang 13.000 mAau véi tbe do mau
dAu ra ctia ADC 1a 184,32 Msps), v6i sb lugng miu nay thi d¢ chinh xé4c cta tinh todn
dat khoang A = +0,5dB. Hinh 4 thé hién két qua khao sat do chinh xac cia budc tinh
cong suat trong mién sb twong tng do dai mau khac nhau: 2048, 4096, 8192, 16384, tai
cac thoi diém khac nhau.

Tiép theo, tién hanh tinh cong suét trong mién sd. Cong suét s6 trung binh (dBFS)

ciia mdt mang dir liéu X gém N mAu dit liéu dugc tinh theo cong thire sau:

td(X
dBFSval(i)=20xlo glo(s ( )) )
trong do, std(X) 1a do 1éch chudn (standard deviation) cua mang X (X gébm N mau dit
liéu) va dugc tinh theo cong thirc:

std(X) = \[_IZ( ——Zx) (3)

i=1

Dua theo déc tinh d6i xtng qua DC trén mién thoi gian cua dir liéu LTE, véi dit
liéu LTE chudn ta s& c6 gid tri trung binh cla dit liu la:

-]lvz x, =0 (4)

i=0

vé6i dit lidu tuyén thu RRH hién dang tdn tai gid tri DC_Offset, viéc tinh va khir gia tri

DC_Offset s& dugc thyc hién trudce khi tinh cong sudt s& (dBFS). Véi hé thong nay,
viéc khao st gia tri DC_Offset duoc thyc hién bang cach thu thap dir liéu thuc té trong
FPGA va tinh gid tri trung binh cuia dit liéu nhu & mé ta & cac budc trén.

Buée 3: dieu khién bé VGA tuong teng véi moi mike cong sudt so do dugc

Hinh 5 md ta cach thirc didu khién bd VGA. Muyc tiéu cia budc nay 1a dam bao
mirc cong suit thu dugc trong FPGA dat muc cong sudt s mong mudn (vi du -21
dBFS). Tuy nhién, v6i 2 mirc ngudng trén va dudi cla dai lam viéc thong thuong, thi
FPGA s& dat mirc khuéch dai & muc thdp nhit hogic mirc cao nhét twong tng. Cong thitc
sau s& mo ta hoat dong ctia khdi didu khién nay:
VGAtemp(i) khi Gmin < VGAtemp(i) < G max

VGA®) = G min khi VGAtemp(i) < Gmin (5)
G max khi VGAtemp(i) = G max



25242

trong do,
VGAtenp(i) =VGA(i — 1)+ (dBFSval(i)— dBFS ;) (6)

- dBFSues 12 gié tri cong sudt ngudng thiét 14p tham chiéu cho bd VGA (vi du -
21dBFS), gia tri cong suit ngudng thiét 1ap nay hoan toan co thé duogc cdu
hinh dong va tirc thoi bing ARM.

- Gmax 12 h¢ s6 khuéch dai t6i da ciia VGA.

- Gmin 12 hé s6 khuéch dai t6i thiéu cia VGA.

- VGAC() 12 h¢ sé suy hao ctia bd VGA tai thoi diém hién tai.

- VGA(-1) 12 hé sb suy hao ciia bd VGA tai thoi diém trudc lién ke.

- VGAtemp(i) la gia tri suy hao tinh toén tai thoi diém hién tai.

- dBFSval(i) 1a gié tri cong suét s (dBFS) tinh todn dugc tai thoi diém hién tai.

- Tai thoi diém khéi tao ban d4u, khi chua co dit liéu du vao, hé sb suy hao
VGA(0) = Gmax (hé théng thuc hién khuéch dai t6i da).

Trong dd, cac thong s6 dBFSdes, Gmax, Gmin déu c6 thé dugc luya chon linh
dong thong qua phin mém quan ly trén ARM sao cho cong suit ddu ra ludn 6n dinh.
Céc mic ngudng c6 thé duge diéu chinh, cu hinh dong nhdm dam bao tinh linh dong
clia thiét ké nhu muc tiéu da d& ra clia sang ché nay. Khi cong sudt ddu vao qua 16n,
xudt hién hién twong bio hoa cong suét dir liu.

Budc 4: cho trang thdi cua chip twong tw VGA ddp ing theo gid tri diéu khién ciia bo
diéu khién VGA.

Sau khi b diéu khién VGA di tinh toén va cho ra két qua cta gia tri can diéu
khién chip trong ty VGA, hé théng cin mot khoang thoi gian dé truyén gié tri can didu
khién t&i chip twong ty VGA, thoi gian cho chip twong tw VGA dap mg theo gia tri do
va thoi gian truyén dit liéu tir chip twong tw VGA t6i khéi FAGC.

Déi v6i mdi hé thdng khac nhau, thoi gian truyén dit liéu tlr chip twong ty VGA
t61 khdi FAGC 1a khéc nhau.

Vi du thwc hién sang ché

Hinh 6 thé hién so dd thuc té trién khai phuong phap FAGC trén RRH. Trong so
dd nay, bén canh phan xir Iy thong thudng cta FPGA, thi khéi diéu khién VGA dugc
phat trién bd sung (VGA_Ctrl) dé thyc hién chirc ning didu chinh hé sb khuéch dai cta
bd VGA tuong tu bén ngoai FPGA (LMH6521). Céc bude tinh toan cua VGA-Ctrl da
duoc md ta & phan trén.

Céc tham sb ngudng ctia bd VGA_Ctrl duge diéu chinh linh dong tir phn mém
thong qua vi xtt ly ARM. Céc tham s6 phu dugc lya chon dugc néu trong Bang 1 sau
day:
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Béang 1: Cac tham s6 phu dugc lwa chon

Tham s6 hé tho”'ng Ky hiéu Gid tri thuc té
S6 lwong miu dé tinh cong suat dBFS N 4096 miu
Thoi gian tinh toan gia tri cong suét sd Tc 22,23 us
Tdng thoi gian diéu chinh cia FAGC T 22,82 us
Gi4 tri do léch chuin DC _Offset -1352
i& tri cong sua Ong thiét 1a

i}h o _Chc()) FgAGa(t: ngudng thiét 1ap tham ABFSuse 21 dBFS
Mitc khuéch dai 16n nhat cua VGA Gmax 0dB
Mitic khuéch dai nho nhét ciia VGA Gmin -31,5 dB

Ap dung cac cong thire (5), (6) dé xét timg thoi diém nhu sau:
Thoi diém 1:

- Khi c6 dit liéu d4u vao RRH (vi du -60 dBm), gia tri VGA(0) = Gmax, gi4 tri
dBEFS tinh duoc sé& 1a -8dBFS. B6 VGA sé thuc hién diéu chinh ting suy hao
véi gid tri 1a:

VGA(l) = VGAtemp(l) = 0+ (~8— (—21)) = 13(dB)

- Sau khi diéu chinh ting suy hao thém 13 dB (tir 0 dB thanh +13 dB) thi gid

tri dBFS tinh duoc s€ 14 -21,1 dBFS.
Thoi diém 2:

- Gia tri suy hao cta by VGA dang c4u hinh 1a +13 dB, cong sut dit liéu dau
vao cua RRH thay ddi tir -60 dBm thanh -65 dBm, gié tri dBFS tinh dugc s&
chi con -26 dBFS. Bd VGA cin phai thyc hién diéu chinh lai gia tri suy hao:

VGA(2) = VGAtemp(2) =13 + (=26 — (-21)) = 8(dB)

- Sau khi thiét 14p lai gi4 tri suy hao tr +13 dB thanh +8 dB, thi gia tri dBFS
tinh dugc 1a -21 dBFS tuong Ung véi gia tri cong suit ddu vao RRH Ia -65
dBm.

Thoi diém 3:

- Gi4 tri suy hao cta by VGA dang céu hinh 1a +8 dB, cong sudt diu vao cua
RRH tang dot ngdt tlr -65 dBm 1én -59 dBm, gid tri dBFS tinh dugc tai thoi
diém nay sé tang tir -21 dBFS thanh -15 dBFS. B VGA thyc hién diéu chinh
hé s6 suy hao méi 1a:
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VGA(3) = VGAtemp(3) =8+ (—15— (=21)) = 14(dB)

Luuy ring, theo céach thirc trén thuc té, dai hoat dong c6 thé diéu chinh duoc cla bd
VGA 13 tir 0 dén 31,5, viéc can thiét 1a phai c6 ngudng chin:

- Chin duéi 13 Gmin cho céc truong hop cong sudt dau vao RRH qué 16n, bd
VGA di céu hinh gi4 tri suy hao 13 16n nhét nhung gia tri dBFS tinh duoc van

cao hon ngudng (-21 dBFS);

- Chin trén 1a Gmax Gng véi truong hop bd VGA da khuéch dai cuc dai nhung
gi4 tri dBFS tinh dugc vAn nho hon ngudng tham chiéu (-21 dBFS).

Trién khai thir nghiém thyc té 1én hé théng RRH cho két qua diéu chinh cong
suat nhu dugc thé hién trong Bang 2 sau day:

Béang 2: Gia tri DBFS cua dit li¢u va h¢ s§ gain ctia VGA bién ddi theo cong suit dau vao

Pin | DBFS | VGA | Pin | DBFS | VGA | Pin| DBFS VGA
(dB) value Value (dB) value Value | (dB) value Value
=70 21 6 =50 204 2e
-69 21| 8 -49 214 30
-68 21| o0a | -48 214 32
67 22| oc 47 214 34
-66 21 Oe -46 213 36
-65 21 10 45 212 38
64 22| 12 | 44 211 3a
.63 22 14 | 4 217 3e
62 211 16 | 42 SRS T
-61 211 18 [eArE . 407l 3k
-60 21| 1a A0 “8Al BF -
59| 21| 1o |39, = gi: 3f
58 223| le | =38 <4670 B3
57| 213| 20 | 37|  -158] 3f
56| 23| 22 [ 3| -153| 3f
55 213| 24 p 5o cd7 3
-54 213 26 | 34|  -144] 3F
-53 214 28 | -33]  -143| 3f |
721 219] 2 .52 214 2a [ 820 Al 3E
-71 21,9 4 51 21,4 2¢ 5l o

Hinh 7 12 dd thi bién thién cta muc cong suét thu dugc sau FAGC trong FPGA,
bién thién theo muc cong suit diu vao cua RRH. Theo Bang 2 trén ddy va dd thi trén
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Hinh 7, c6 thé théy duogc cac vung cong suét hoat dong thong thuong ciia FAGC, khi do
muc cong suét dugc gilt héng s6 va hé s khuéch dai cia VGA dugc didu chinh dé bu
lai su bién thién ctia cong suét tin hiéu ddu vao. O céc viing t6i han ctia VGA, khi d6 hé
s6 khuéch dai cia VGA dang & muc t6i da hodc tdi thiéu, thi mic cong suét do duogc
sau FAGC dugc bién thién ti 1¢ thudn v6i murc cong suét vao ctia RRH.

Hinh 8 13 d6 thi so sanh kha ning hoat dong ctia phuong phap FAGC theo sang
ché so véi phuong phap AGC thong thuong. Gia tri du ra do duoc trong FPGA, cho
thiy kha ning hoat dong khé twong ddng giita giai phéap theo séng ché so véi giai phap
thong thuong. Tuy nhién, nhu da néu trén ddy, phwong phap FAGC theo sang ché mang
lai 2 wu diém 16n, d6 1a: kha nang cu hinh dong va giam dugc chi phi san xuét so véi
phuong phap AGC thong thuong.

Hiéu qua dat dwoc ciia sang ché

Phuong phép theo sang ché 1a mot giai phap hiéu qua, kha thi dé khuéch dai h¢
sb tu dong didu chinh bang cach st dung bd khuéch dai co hé s didu chinh duogc
(Variable Gain Amplifier - VGA) va vi mach s kha trinh (Field-Programmable Gate
Array — FPGA). Phuong phép theo sang ché hoat dong twong dwong vdi gidi phap AGC
thong thudng, nhung do tén dung dugc kha nang 1ap trinh lai duoc cia FPGA sin co,
nén giam dugc gia thanh san xut va kha nang cu hinh linh dong, cho phép twong thich
vé6i nhidu thiét ké phan cimg khéc nhau.
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YEU CAU BAO HO

1. Phuong phép khuéch dai hé sé tw dong diéu chinh trong cac thiét bi thu phat séng vo
tuyén (Remote Radio Head — RRH) st dung bd khuéch dai c¢6 hé sb diéu chinh dugc
(Variable Gain Amplifier - VGA) va vi mach s6 kha trinh (Field-Programmable Gate
Array — FPGA), bao gom:

(i) tinh hé sb cong suét tin hiéu mot chidu theo cong thirc sau:

N

DC _offset = —]1\—,in

i=1
trong do:
- DC offset 1a h¢ s6 cong suét tin higu mot chidu (Direct current — DC) khong
mong mudn cua tin hiéu;
- N la sd luvong mau dit liéu duge st dung dé tinh toan (phu thudc vao yéu cAu
ctia mdi hé théng); va
- x;la dir liéu thir i duogc st dung dé tinh toan;
(ii) tinh cong sut trong mién sb bing cach: trudc tién, thu thdp di s6 lugng mau tin
higu trén FPGA va sau do tinh cong suét trong mién s6 theo cong thirc sau:
X
dBFSval(i) = 20 xlog,, (ﬂ‘gfs—))
trong do, std(X) 1a d¢ léch chudn (standard deviation) ctia mang X (X gdm N
mau dit liéu) va duge tinh theo cong thire:

N 1 N )
std(X):\/TVITIZ(xi ——]VZx,.)

(iii) diéu khién by VGA tuong tng vdi mdi mtrc cong suat s6 do dugc

VGAtemp(i) khi Gmin < VGAtemp(i) < G max
VGA(i) = G min khi VGAtemp(i) £ Gmin
G max khi VGAtemp(i) > G max

trong do,
VGAtemp(i) =VGA(i ~1)+(dBFSval(i) — dBFS,,,)

- dBFSqes 1a gié tri cong suit ngudng thiét 1ap tham chiéu cho bd VGA;
- Gmax lahé sd khuéch dai toi da ctia VGA;

- Gmin 12 hé sb khuéch dai t6i thiéu ciia VGA;

- VGA() 12 hé sé suy hao ctia bd VGA tai thoi diém hién tai;
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- VGA(-1) 12 hé s suy hao ctia bd VGA tai thdi diém truéc lién ke;

- VGMmm@MgQMNwmmmmwmmHMH%mM@wt

- dBFSval(i) 1a gia tri cong suit sb (dBFS) tinh toan duogc tai thoi diém hién tai;
tai thoi diém khoi tao ban dau, khi chua c6 dit liéu dau vao, hé ) suy hao
VGA(0) = Gmax (hé théng thuc hién khuéch dai t6i da); céc thong s6 dBF S,
Gmax, Gmin déu ¢ thé duoc lua chon linh dong thong qua phﬁn mém quan ly
trén ARM sao cho cong suét dau ra luén 6n dinh.
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