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(54) PHUONG PHAP VA KHOI BU CONG SUAT ON PINH CHI SO TY LE RO
KENH LAN CAN CUA CAC THIET BI THU PHAT SONG VO TUYEN

(57) Sang ché lién quan dén phuong phap bu cong suat 6n dinh chi s 0 ro kénh lan can cua
thiét bi thu phat séng vo tuyén (Radio Remote Head - RRH), bao gom cac budc: (i) xac
dinh gia tri chénh léch A, gitra cong sudt sd tuyen phat va cong suat sd tuyén phan hoi tai
thoi diém hiéu chinh; (i1) lay mAu va tinh céng sudt tin hiéu tuyén phat va tuyén phan hoi;
(111) chuyen d6i cong suat s6 sang kiéu dBFS, va tinh toan gia tri A; va (iv) thuc hién bu
cong suét 6n dinh chi so ACLR. Sang ché cling dé Xuat khéi bu coéng suat 6n dinh chi so
ACLR (PoStab), bao gém ba kh01 con: (1) khbi lay mau dit liéu va tinh toan cong suét
trung binh cta tuyén phat va tuyén phan hdi; (i1) khéi chuyen do6i cong sut s6 dang dBFS
va tinh toan gia tri chénh léch cong suit tuyén phat va tuyén phan hoi; va (iii) khéi trién
khai thuat toan bu cong sudt khong suy giam chi s6 ACLR.
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Linh vue ky thuit dwoc dé cap

Sang ché @& cap dén phwong phéap va khdi bl cong suét trién khai trén mién s nhim
nang cao do phan giai, qua d6 giam mirc do bién ddi dot bién ctia d6 loi toan tuyén phat va
giam thidu blrc xa ngoai bang cua thiét bi thu phat séng v6 tuyén (Radio Remote Head —

RRH) trong cac hé thong vién thong.
Tinh trang k§ thuit ciia sang ché

Trong cac hé théng vién thong, do rong ving phu cia tram thu phat 1a mot trong
nhitng tham sd hé thong quan trong. Tham sé nay bi anh hudng truc tiép boi d6 6n dinh cua
cong suét phat RRH. Khi cong suit phat giam, ngudi dung dich vu tai vi tri bién cell c6 thé
gap hién twrong séng chap chon, thiéu 6n dinh. Nguoc lai, khi cong suét phat tang, thi c6 thé

gy nhiéu manh lén c4c tram phat song lan can va céc thict bi ¢ gan.

Xét theo tuyén phat cia RRH, dit ligu s6 nhan duoc tir khdi xir Iy bang gbc (Base
Band - BB) qua chuén giao tiép v6 tuyén (Common Public Radio Interface - CPRI). Ludng
dit lidu sé tiép tuc duge xu 1y tai cac khdi ting miu, khéi giam ti 1¢ dinh tin hidu, khéi bu
méo phi tuyén truée khi duoc bién déi sang tin hiéu twong tu, khuéch dai béi bo khuéch dai

cong suat (Power Amplifier - PA) va phét ra méi trudng vo tuyén.

Trong trudng hop toan bé tai nguyén duge cip phat cho ngudi st dung, PA dat muc
cong suét toi da (40W twong duong 46dBm). Khi d6, PA hoat dong trong ving bao hoa, chi
s ty 18 ro kénh lan can (Adjacent Channel Leakage Ratio - ACLR) ting, dan dén chi s6 mat
na phé phét xa (Spurious Emission Mask - SEM) khong dat yéu cAu, vai tro ctia khdi bu
méo phi tuyén 14 hét strc quan trong dé giam chi s6 ACLR. Mat khéc, d6 loi cia PA phy
thudc nhiéu vao nhiét d, cu thé 1a nhiét do ciia PA tai viing cong suét cao ting 1én rat nhanh,
dan dén d6 loi cia PA giam nhanh va cong suét phat giam theo. Ngugc lai, trong trudng
hop nhiét do cua PA giam, thi cong suat phét ciia thiét b s& ting tuong Gmg v6i do loi cua

PA.
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Dé giai quyét van dé trén, phuong phap bu cong suét hién tai dang st dung bo khuéch
dai twong tu dé duy tri d6 6n dinh ctia cong sudt phat dau ra. Tuy nhién, phuong phéap nay
anh huong nhidu dén hiéu ning cua khdi b méo phi tuyén (Digital Pre-Distortion - DPD).
Cu thé 13, khi thuit toan b cong suét thyc hién diéu chinh do lgi ctia bo khuéch dai twong
tur, vGi bude nhay cong sut nho nhat 1én dén 0,5dB, do sy dot bién caa do loi toan tuyén,
vide chi s6 ACLR suy giam nhidu trong khoang tir 9 dB dén 10 dB c6 thé dan dén chi sb
SEM khéng dat yéu cau.

Vi vay, dé khic phuc nhwoc diém néu trén, cac tac gia d& xuit phuong phap bu cong
sudt nhim giam thiéu dugc van dé suy giam chi s6 ACLR ma van duy tri dugc do chinh xac
cua cong sudt phat RRH véi sai s6 + 0,5dB.

Ban chit k§ thuit ciia sang ché

Dé dat duge muc dich néu trén, cac tic gia dé xuat phuong phap bu cong suét 6n dinh
chi sé ty 1& rd kénh 1an can (Adjacent Channel Leakage Ratio - ACLR) ctia thiét bj thu phat
song vo tuyén (Radio Remote Head — RRH), bao gdm cac bude sau:

(i) xac dinh gia tri chénh léch Ac gitta cong sut sb tuyén phat va cong suét sd tuyén phan
hdi tai thoi diém hiéu chinh theo cong thirc sau:
Ac = - (Grx_c + Gpa_c+ Grs)

trong do:

- Grx c (dB) la d¢ loi ciia mach tuong ty toan tuyén phat (khong bao gdm do loi cla

PA) tai thoi diém hiéu chinh (RRH ¢ ché d¢ phat cong suit Max),

- Gpa c(dB) 12 d6 lgi cia PA tai thoi diém hiéu chinh,
- Grs(dB) 1a d6 loi ciia mach tuong tu tuyén phan hdi,
(i) 14y mAu va tinh cong suét tin hiéu tuyén phat va tuyén phan hdi theo cong thirc sau:

511 +00)

P= , VOi N = 16384;

trong do:
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I 12 phan thuc cia tin hidu sd,
Q 14 phén 4o cua tin hidu s6 (iii) chuyén ddi cong suat s6 sang kiéu dBFS, va tinh toén
gia tri A theo céac cong thirc sau:

dBFS=10log,, P

Am = - (Gx + Gpa+ GrB)
A= Ac-An=- (Grx_c + Gpa_ct+ Gr) + (Grx + Gpa+ Grg) = Gpa — Gra c;
trong do:

- Amla gia tri chénh léch giita cong suit sd tuyén phat va cong suat sd tuyén phan hoi
tai thoi diém tinh toén,

- Gpa(dB) 12 d6 loi ciia PA tai thoi diém tinh toan, va

(iv) thuc hién bu cong sut én dinh chi s6 ACLR theo nguyén tic sau:

- khi A bién dong nam ngoai khoang [low thres - high_thres], thi cong suét tuyén

phat dwoc gitr khong doi,

- khi A nam trong khoang [low_thres - high_thres], thi cong suét tuyén phat dugc
diéu chinh tiy theo dau ciia A: néu A > 0, twong g v6i Gpa > Gra_c, thi khéi bu cong sut
thuc hién giam cong suét tuyén phat mot luong 1a 0,1 dB, va cho trong 1 gidy; nguoc lai,
néu A<0, tuong tmg véi Gpa < Gpa_c, thi khéi B cong suét thuc hién ting cong suét tuyén
phéat mot lugng 12 0,1 dB, va chd trong 1 gidy; lap lai qua trinh nay cho dén khi A nam ngoai
khoang [low_thres - high_thres] thi két thic.

Dé thuc hién phwong phap néu trén, cic tac gia sang ché cling d& xuét khéi bu cong
sudt dn dinh chi s ty 1 ro kénh 14an cin (Adjacent Channel Leakage Ratio - ACLR) cua
thiét bi thu phat séng vo tuyén (Radio Remote Head — RRH) bao gém 3 khéi con:

(1) Khéi 1ay mAu dit liéu va tinh toan cong suit trung binh cua tuyén phat va tuyén
phan hoi;
(ii)  Khdi chuyén dbi cong suat sé dang dBFS va tinh toan gia tri chénh léch cong

suét tuyén phat va tuyén phan hoi; va
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(iii)  Khéi trién khai thuat toan ba cong suét khong suy giam chi s6 ACLR.
Mo ta vin tit cac hinh vé
Hinh 1 13 hinh v& mé ta cAc thanh phin cua hé théng thu phat v tuyén co ban.

Hinh 2 13 hinh v& mé ta phuong phap bu céng sudt on dinh chi s6 ACLR theo sang

Hinh 3 14 hinh vé biéu dién d6 loi ctia cac khéi sau khi hidu chinh cong suat cla thiét
bi thu phat v6 tuyén theo phuong phap bu cong sudt 6n dinh chi s6 ACLR theo séng ché

r
A

ché.

Hinh 4 13 hinh v& mé ta thuat toan tinh gié tri cong suit can bu theo phuong phap bu
cong suét on dinh chi s6 ACLR theo sang ché.

Hinh 5 13 hinh v& mé ta hé théng thu phat vé tuyén khi ap diing khdi bu cong suét on
dinh chi s6 ACLR theo sang ché.

Hinh 6 13 hinh v& minh hoa so d thi nghiém hiéu ning ctia khéi bii cong suat on dinh
chi s6 ACLR theo sang ché.

Hinh 7 12 anh chup két qua do tuyén phat RRH véi dit liéu ETM 1.1 trén may phan
tich phé tai thoi diém ban dau cta phuong phap b cng suat st dung b khuéch dai twong
tur.

Hinh 8 13 dd thi biéu dién chi sé ACLR cua tuyén phat RRH trong thoi gian dai cua
phwong phap bu cong suit st dung bd khuéch dai twong tu.

Hinh 9 13 dd thi biéu dién cong suit phat RRH khi nhiét d¢ thay d6i ciia phwong phép
bu cong suat sir dung bo khuéch dai twong tu.

Hinh 10 13 anh chup két qua do tuyén phat RRH véi dit liéu ETM 1.1 trén mdy phan
tich phb tai thoi diém ban diu cua phuong phap bu cdng sudt 6n dinh chi s6 ACLR theo
sang ché.

Hinh 11 13 d thi biéu din chi sé ACLR ciia tuyén phat RRH trong thoi gian dai clia
phuong phap b cong sudt 6n dinh chi s6 ACLR theo sang ché.
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Hinh 12 13 dd thi biéu dién cong sudt phat RRH khi nhiét do thay déi clia phuong
phap b cong suit 6n dinh chi s6 ACLR theo sang ché.
M ta chi tiét sang ché

Trudc tién, cac tac gia s€ mo ta téng quat vé k¥ thuét bu cong Suét sir dung bo khuéch
dai twong tu (KDTT). K¥ thuét nay gitp cho RRH phat séng & mirc cong sudt chinh xac
theo yéu cau tir khéi xir Iy bang géc. Tuy nhién, mdi 1in thuc hién bl cng suét, viéc thay
d6i d6 1oi toan tuyén véi do phan giai qué 16n gay ra suy giam hiéu nang cia khdi b méo
phi tuyén va giam chi s6 ACLR tuong d6i 16n. Hinh 1 minh hoa so d6 khéi ctia phwong
phap bui cong suat sit dung bd khuéch dai twong tu. Trong do, céc thanh phén chinh tac dong

dén cong suat tin hiéu truyén di bao gdom:

- Phan tién xr Iy s6 trén phin vi mach s6 kha trinh (Field-Programmable Gate Array
_FPGA) bao gdm khéi ting mAu, khdi giam ty 1& dinh tin hiéu va khéi bu méo phi
tuyén. ..

- Khdi bu cong suét theo phuong phap khuéch dai tuong tu duge thuc hién bang phan
mém chay trén vi xir Iy ARM c6 nhiém vy theo ddi cong suét tin hiéu tuyén phat va
cong suét tin hiéu tuyén phan hoi; tir d6, tinh toan gid tri can bu cho tuyén phat.

- Khbi khuéch dai twong tu tuyén phét ¢6 thé diéu chinh dugc do loi.

- Khdi khuéch dai twong tu tuyén phan hdi (dit do loi co dinh).

- B khuéch dai cong suét (PA) c¢6 nhiém vu chinh 1 khuéch dai tin hiéu 1én mirc cong
suat 40W.

Y nghia cia mot s6 ky hiéu:

- Pmeasure (dBm): cong sudt tin hidu do duoc tai dau ra RRH.

- Pexpect (dBm): cong suit tin hiéu mong mudn tai diu ra RRH.

_ Grx(dB): d0 loi cua toan tuyén phat, c6 thé diéu chinh béi bo khuéch dai twong ty.

- Gpa(dB): d6 lgi cua PA, bi thay dbi bai nhiét do moi truong.

- Gra(dB): d6 loi ctia tuyén phan hdi, dugc giir ¢6 dinh.

- A(dB) : gia tri can bu cho tuyén phat.

- Prx(dBFS): cong suit tin hiéu s6 tuyén phat.

- Prp(dBFS): cong suét tin hiéu sb tuyén phan hoi.
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Trong trudng hop 1y tudng, cong suat phat tai dau ra cia RRH khong chiu anh hudng

boi tham sd nhiét @, do do:
Pexpect: Prx + Grx + Gra (1)

Trong qué trinh RRH hoat dong trén thuc té, Gpa bi thay d6i boi nhiét do. Nhiét do
tang thi Gpa giam va nguoc lai. Cong suat thue té do duogc tai dau ra cia RRH dugce tinh

theo biéu thirc sau:
Pueasure = PrB + GrB (2)
Tir biéu thirc (1) va (2) néu trén, ta dat
A = Pexpect - Pmeasure 3)

Theo phwong phap bii cong suat hién tai, A 12 gié tri can bu va do lgi cua tuyén phat
s& duoc didu chinh thanh Grx + A (dB). Trong khi d6, bd khuéch dai twong tu c6 bude dicu
chinh do loi nho nhit bing 0,5dB. Do dé, néu A < 0,5dB, thuit toan bi cong suit khong thé
tac dong. Truong hop A > 0,5dB, tin hiéu tuyén phat s& dugce diéu chinh theo timg bude nho
0,5dB cho dén khi A < 0,5dB.

Tuy nhién, nhuge diém cta phuong phép ndy 1a sy diéu chinh do loi cua bo khuéch
dai twong tu v6i bude didu chinh 16n, anh huong rat 16n dén hiéu ning cua khoi ba méo phi
tuyén. Thue té, khéi bit méo phi tuyén tinh toan bd hé s6 phi tuyén dwa vao dit lidu tuyén
phat va tuyén phan hoi. Két qua tinh toan rat nhay véi su thay dbi cua d6 loi tuyén phat. Do
d6, khi thuc hién bu cong suat véi budce nhay 0,5dB, bo hé s6 phi tuyén méi dugc cap nhét
s& khong twong thich véi tinh trang hién tai cua tuyén phat, 1am cho chi s6 ACLR suy giam
16n tir 6 d@én 7dB va chi s6 SEM sé& khong dat yéu cau.

Béi vay, yéu cAu dat ra cho hé théng RRH 13 vira dam bao do chinh xac cua cong
sut phat trong khi van phai duy tri dugc chi s6 ACLR, chi s6 SEM dat chuan 3GPP. Do dé,
céc tac gia sang ché d& xuat phwong phéap bu cong sudt on dinh chi s6 ACLR, dugc trién

khai trong khéi b cong suat.
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Phuong phap nay dua vao gia tri chénh léch cong suét tuyén phat va tuyén phan hoi
tai thoi diém do (Am) va gi4 tri chénh léch cong suAt chuin (Ac) dé tinh toan gié tri cong sudt
can bu. Gia tri Ac ¢6 duogc sau giai doan can chinh cong sut ban dau. Chi tiét cach thirc tinh

Amva A s& dugc trinh bay dudi day. Gia tri cong suét can bu dugce tinh theo cong thirc (4).
A= Ac-Am 4)

Sau do, gia tri can bu A duge chia thanh cic bude bu nho & mic 0,1dB. Luu y, day
1 didu khong thuc hign dugc & bd khuéch dai trong tw nhung d& dang trién khai trén FPGA.,
Thoi gian thue hién méi bude bu céch nhau 1 gidy dé han ché anh huong dén hidu nang ciia

thuét toan bt méo phi tuyén.

Phuong phéap dwoc dé xuit nay bao gbm 4 bude chinh dugc mo ta trong luu do cua

Hinh 2. Cac budc cu thé duoc md ta dudi day:

Budce 1: Xac dinh gia tri chénh 1&ch A gifta cong sudt sd tuyén phat va cong suét s tuyén
phan hdi tai thoi diém hiéu chinh:

Trude tién, xin duoc gidi thiéu vé cach tinh gi tri Ac thong qua qué trinh hiéu chinh
d6 loi cia RRH nhdm dam bao cong suit dau ra PA 13 46dBm (40W). Trong Hinh 3, x¢ét tai
thoi diém hiéu chinh, mét sé ky hiéu c6 nghia nhu sau:

- Prx c (dBFS) la cong sut sé tuyén phat tai thoi diém hiéu chinh (vi dy bang -10

dBES).
- Prs c(dB) 1 cong suét sé tuyén phan hoi tai thoi diém hiéu chinh.

- Grx c (dB) 1a d¢ lgi ciia mach tuong tu toan tuyén phat (khong gom do6 loi ciia PA)
tai thoi diém hiéu chinh.

- Gpa_c(dB) 12 d6 1¢i ctia PA tai thoi diém hiéu chinh.

- Grs (dB) 1a d6 loi cia mach twrong tw tuyén phan hdi (dwoc gifr ¢6 dinh trong quéa
trinh lam viéc).

- Pou c (dBm) la cong sudt dAu ra PA tai thoi diém hiéu chinh (vi dy bing 46dBm ~
40W).

Qué trinh hiéu chinh 6 loi cta thiét bi thu phét v6 tuyén dé dam bao cong suét dau

ra PA 13 46 dBm dién ra nhu sau:
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- Phat miu dit liéu kidm tra tuyén phat dinh dang chuan LTE (LTE Downlink Test
Model) — ETMI1.1 tir khéi xir 1y bang géc, dam bao cong suat tai sé dau vao khdi ba
méo phi tuyén 1 Prx_c (vi du bang -10 dBFS).

- Quan sat gia tri cong suét hién thi trén may do. Diéu chinh d¢ lgi ciia mach tuong tu
tuyén phat, sao cho cong suit do trén may dat 46 dBm. Luc nay do loi ciia mach
tuong tu tuyén phat 13 Grx_c, d0 loi ciia PA 1a Gea_c.

- Tinh gi4 tri cong suat s6 tuyén phan hoi (Prs ).

- Qua trinh hiéu chinh két thuc.

Dua trén Hinh 3, cong sudt dau ra ctia PA (cong sut phat ra cia RRH) dugc tinh nhu
sau:
Pout c=P1x c+ Grx c + Gra c ©)
Pout ¢ = Pr_c— GrB (6)

Pt gid tri Ac (dB) = P1x ¢ — Pes_c, tir bidu thitc (5) va (6), suy ra
Ac= - (Gtx_c + Gpa_ct+ Grs) (7)

Do Grx ¢, Gpa_c va Grp 13 hing s6 nén A 13 hang s6. Nhu vay, két thuc qué trinh
hiéu chinh, gia tri Ac dugc tinh toan va luu trit vao vung nhé b dinh, dai dién cho mdi RRH
riéng biét.

Budc 2: L:fw mau va tinh céng suét tin hiéu tuvén phat va tuvén phan hoi

Dé tinh toan duoc cong suat tin hiéu dAu vao khdi b méo phi tuyén va cong suit
tin hiéu tuyén phan hdi, viéc dau tién 1 ldy 16384 (2') miu di lidu I va Q lién tiép. Sau

d6 cong suét tin hidu dwoc tinh theo biéu thirc (8) dudi day

N
DI+
P:H—N—,véiN=16384 )
trong do:

I 1a phan thyc cua tin hiéu so,

Q la phan ao cua tin hiéu so
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Buéc 3: Chuyén ddi cong suét sb sang kiéu dBFS va tinh toan gia tri A

Sau khi tinh dwoc gia tri cong suét P, gia tri cong suit dang dBFS dugc tinh theo biéu

thic (9) dudi day.
dBFS =10log,, P 9)

Dua vao cac muc cong suat do duoc & trén, tiép tuc tinh toan do thay ddi A cia do
loi PA theo nhiét d¢. Khi thiét bi thu phét vé tuyén hoat dong thuc té, céc gia tri trén s€ bién
dbi lién tuc, cu thé: cong suit s6 diu vao khdi bu méo phi tuyén (P1x) thay d6i phu thudc
theo ludng dit lidu phat tir khdi xu Iy bang gbc (BBU - Baseband Unit), dong thoi do loi cia
PA (Gpa) giam khi nhiét d6 ting va nguoc lai do loi cua PA tang khi nhi€t d6 giam. Theo
phuong phéap cua sang ché, sau khi hiéu chinh ban dau, d loi ctia mach tuong tu tuyén phat

(Grx_c) va do loi ctia tuyén phan hoi 12 Grs duge giit nguyén.
Tir Hinh 1 ¢6 thé dé dang c6 duge cong thuc sau:
Prg = Prx + Grx + Gpa + Grs (10)
Dit gia tri Am (dB) = P1x — Prs, theo cong thirc (10) trén day:
Am = - (Grx + Gpa + Grg) (11)

Tu cac cdng thirc (7) va (11); A trong cdng thitc (4) dugc tinh nhu sau (luu y rang do

loi cua bo khuéch dai twong tur duge giit nguyén nén Grx = Grx_c), ta co:
A= Ac- An= - (Grx_c + Gpa_c+ Grs) + (Grx + Gpa + GrB)
= Gpa — Gpa_c (12)

T nhitng 1ap luén trén déy, co thé thdy rang khi c6 day dua thong tin vé cong suét s6

Prx va Prg, thi c6 thé tinh duoc Gra thay d6i mot lugng 1 A.
Gia tri A c6 thé 1a mot trong cac trudong hop sau:
A =0: Gpa = Gpa_c, d0 loi cia PA khong thay doi.
A > 0: Gpa > Gpa_c, d0 loi cua PA tang so v6i thot diém hiéu chinh mot lwong 1a A.

A <0: Gpa < Gpa_c, d0 loi cua PA giam so véi thoi diém hiéu chinh mot lwgng 1a -A.

-10-
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Budc 4: Thuc hién bu cong suat dn dinh chi s6 ACLR

Khi nhiét d6 thay dbi, theo chu ky 10 gidy, khéi ba cong suét thyc hién theo lwu do
dugc minh hoa trong Hinh 4. Trong d6 low_thres 1a ngudng bu dudi (ngudng trong do cho
phép sai s6 ctia cong suat phat), néu gia tri tuyét ddi ctia A nam dudi ngudng nay - tuong
g v6i cong suat dau ra da nim trong khoang sai s6 cho phép, thi s& dimg bu cong suét;
high_thres 1a ngudng bu trén (ngudng cho thiy da nim trong dai bi hong thiét bi phan cimg),
néu gia tri tuyét doi cia A ndm trén ngudng ndy - twong (g voi cong sudt dau ra da c6 hién
tuong bat thuong, vi du nhu héng phan cting, va s& khong thuc hién bu trong dai nay. Nhu
vay, khi A bién dong nim ngoai khoang [low_thres - high_thres], thi cong suét tuyéﬁ phat
duogc gitt khong d6i. Khi A nam trong khoang [low_thres - high_thres], thi cong sut tuyén
phét duge didu chinh tiy theo dau cua A. Néu A > 0, twong tmg vi Gea > Gra c, nghia la
d6 loi ctia PA d4 bi tang so véi thoi diém hiéu chinh, nén khdi bu cong suét thuc hién giam
cong suét tuyén phat mot lugng 1a 0,1 dB, va chd trong 1 gidy; thuc hi¢n ngugce lai v6i tinh
hubng A<0, tvong g v&i Gea < Gpa c, nghia 1a d6 loi cia PA da bi gidm so v6i thoi diém
hiéu chinh, nén khdi bu cong sut thyc hién ting cong suét tuyén phat mot luong 1a 0,1 dB,
va cho trong 1 gidy. Lap lai qua trinh nay cho dén khi A ndm ngoai khoang [low thres -
high_thres] thi két thc.

Duva trén phuong phap nay, k¥ thuat bu cong suét 6n dinh chi s6 ACLR duoc trién
 khai trén SoC Zyng-7000, béi khéi bu cong suat s 6n dinh chi s ACLR (goi tét 1a PoStab).
Khéi bu cong suét nay bao gdm 3 khdi con:

(i)  Khéildy mAu dit lidu v tinh todn cong suat trung binh cla tuyén phat va
tuyén phan hoi;

(i)  Khéi chuyén dbi cong suét s dang dBFS va tinh toan gia tri chénh léch
cong suat tuyén phat va tuyén phan hoi; va

(iii) Khéi trién khai thuét toan bu cong suét khong suy giam chi s6 ACLR.

CAu tric cta khéi bu cong sudt duge trinh bay trong Hinh 5, bao gdm 3 khdi con
(dugc boi den):

- Khéi ldy méu dit liéu va tinh toan cong Suét.

- Khéi chuyén d6i dBFS va tinh toan A.
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- Khoi bu cong suat.

Chtrc nang cua cac khoi nhu sau:

Khoi lay mau dix liéu va tinh toadn cOng suat:

Khéi nay thuc hién 1y 16384 mAu dit liéu I va Q trén tuyén phat va tuyén phan hoi,
sau d6 thuc hién tinh cong sut P theo cong thic (8). Sau do, gia tri P cua tuyén phat va

tuyén phan hdi duoc luu lai trong 2 thanh ghi khac nhau.

Khéi chuyén ddi dBFS va tinh toan gié tri A:

Sau khi gi4 tri cong sudt tuyén phat va tuyén phan hdi duge luu trong thanh ghi,
chuong trinh chay trén vi xtt Iy ARM thuc hién doc thanh ghi luu gia tri P va tinh toan dBFS
theo biéu thic (9).

Tiép theo, chuong trinh nay doc gié tri Ac(gia tri nay da dwgc luu sau giai doan higu
chinh ban dau) va tinh gia tri Am = Ptx — Prs. Sau d6, chuong trinh nay tinh toén gia tri A =

Ac - Am va luu vao thanh ghi.

Khoi bu cong suat:

Khéi bu cong suit doc thanh ghi Iuu gia tri A, theo chu ky 10 gidy, khoi nay thuc
hién theo lwu dd Hinh 4. Nhu vay, mdi 1in didu chinh cong sut tuyén phét (néu c6), budc
nhay chi 12 0,1 dB, thoi gian thuc hién mdi budce nhay 1a 1 gidy.

V6i phuong phap nay, cong sut diu ra PA dugc dam bao dat mirc 6n dinh nhu mong
mudn, dong thoi ty 1é ro kénh 1an can (ACLR) van dugc duy tri & muc cao dé luon dat chi

tiéu mat na pho birc xa (SEM).
Vi du thwe hién sang ché

Pé chimg minh hiéu qua cta séng ché, khéi bl cong suit nang cao d 6n dinh chi s
ACLR Power Stabilizer (goi tht 1a PoStab) dugc tich hop vio RRH dé trién khai thir nghiém
trén hé théng trén chip Zyng-7000 (System on Chip-SoC), va danh gia hi¢u qua cua phuong
phap.

Trong thuc té trién khai thi khéi bu cong suat nay duoc tich hgp vao sau khéi bu méo

phi tuyén va cé nhiém vu diéu chinh mirc cong suét tin hiéu theo thuat thon bu cong suét
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6n dinh ACLR truéc khi dwa vao khdi chuyén ddi giao dién JESD204 nhu dugc thé hién
trong Hinh 5. Khoi bu cong suit nay duoc thuc hién bang cach két hop xtt Iy trén ca FPGA
va vi xtt Iy ARM. Cu thé, khdi ldy mau dir lidu va tinh toan cong suit, khdi bu cong suét
duoc trién khai trén FPGA; mit khac khéi chuyén d6i dBFS va tinh A (rdi chuyén nguoc lai
cho FPGA thuc hién bu) s& duoc trién khai bang phan mém nhung trén vi xir Iy ARM. Hé
théng trién khai thudt toan bt cong sudt boi khdi bu cong suat duge tich hop 1én khoi thu
phat tin hicu cao tan 4G (Radio Remote Head - RRH) do VITEK - Viettel san xuét, ciu

hinh chi tiét cua hé théng nhu sau:

- DO rong bang thong (Bandwidth): 10 MHz

- Dai tAn lam viéc (Band) 3, tin s phat trung tim 1860 MHz.

- Téc do miu dit lidu sb trén dudong truyén (Sample rate): 122.88 Msps; Téc do CPRI:
6.144 Gbps

- Céng suat phat: 46dBm

Chip st dung cho qua trinh trién khai hé thong thudc dong Zynq7000 cla hang

Xilinx, trong d6 bao gom:

- 01 chip FPGA, Kintex7
- 02151 vi xur 1i ARM CortexA9

Hé théng kiém tra phuong phép va khéi ba cong suat dugc mo ta nhu trong Hinh 6.
Céc thanh phan cua hé do bao gom:

- Ngudn phat dit liéu c6 nhiém vu truyén miu dit lidu kiém tra tuyén phat dinh dang
chuin LTE (LTE Downlink Test Model - ETM) thong qua day cdp quang sir dung
chuan CPRI;

- Khéi thu phat tin hidu cao tAn RRH tich hop khdi bu cong sudt;

- May phan tich phd ¢6 nhiém vu theo ddi chét Iuong tin hiéu phéat cia RRH;

- May tinh c4 nhan, duoc két ndi v6i may phan tich pho thuc hién thu thdp va phan

tich dit liéu céc thong sé can thiét trong qua trinh kiém tra.

Céc tac gia tién hanh thi nghiém, so sanh hiéu nang cua hai phuong phap bu cong

suit. Thi nghiém 1: 4p dung phuong phap bu cong suét sir dung bo khuéch dai twong tu; thi
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nghiém 2: ap dung phuong phap bu cong suat. Mau dit liéu kiém tra dugc phat tir khdi xur
Iy bang géc BBU do VTTEK - Viettel san xudt gdm c6 cac mau dit lidu c6 cong sut trung
binh cao (ETM 1.1; 1.2). Hai mu dit liéu nay dugc st dung dé kiém tra chi s6 ACLR va
chi s SEM cua tuyén phat. Trong c4 hai thi nghiém, RRH déu dugc kiém tra trong thoi gian
dai (12h) dé kidm tra do 6n dinh ciia chi s6 ACLR va d¢ chinh xac cia cong suat phat RRH.

Thi nghi¢m 1: H¢ théng RRH sir dung phwong phdp bu cong sudt st dung by khuéch

dai twong tw

Tai thoi didm ban dau, két qua do véi dit liéu ETM 1.1 trén may phén tich pho thé
hién trong Hinh 7.

Hinh 8 biéu din dd thi chi s6 ACLR ctia tuyén phat RRH trong thoi gian dai.
Hinh 9 biéu dién db thi cong sut phat RRH khi nhiét do thay doi.

Thi nghiém 2: Hé thong RRH si¢ dung phwong phdp bit cong sudt theo sdng ché
Két qua do véi dit lidu ETM 1.1 trén méy phan tich pho thé hién trong Hinh 10.
Hinh 11 biéu dién dd thi chi s6 ACLR cua tuyén phat RRH trong thoi gian dai.
Hinh 12 bidu didn db thi cong suit phat RRH khi nhiét do thay déi.
Két qua thi nghiém cta hai phwong an bu cong sudt dugc tong hop trong Bang 1.

Biéng 1. Két qua do ciia tuyén phdt RRH khi dp dung cdc phwong phdp bt cong sudt

ACLR du6i ACLR trén Cong suat phat
ETM Phwong phap (dBc) (dBc) (dBm)

Min Max Min Max Min Max
Phuong phép bu cong suat st
dung bd khuéch dai tuong tu 49 60 50 60 455 46,1

. (giai phéap cii)

Phuong phap bu cong suat sur
dung khéi bu cong suét theo 58,8 60,5 59,8 61 45,6 45,9
sang ché
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Nhu viy, dbi v6i hé thong RRH ap dung phuong phap bu cong suit sir dung bo
khuéch dai twong tu, chi s6 ACLR dao dong 16n, tir khoang 60 dBc xudng 50 dBc, cong
suit phat c6 d chinh x4c cao 46 + 0,5 dBm. Khi ap dung phwong phap bu cong suét PoStab,
d6 dao dong cua chi s6 ACLR giam tr 10 dB xubng chi con 1,5dB so v&i phuong phap bu
cong suét hién tai. Cong suit phat cia RRH ctia phwong phép bu cong suit PoStab van duy
tri d6 chinh xac cao 46 + 0,4 dBm, twvong dwong v6i phuwong phip bu cong suit str dung bd

khuéch dai twong tu.

Két qua thi nghiém trong thoi gian dai ciing cho thdy chi s6 ACLR cua tuyén phat
RRH duoc cai thién khi 4p dung phuong phap bu cong suét PoStab so véi phuong phép hién
tail.
Hiéu qua dat dwgc clia sang ché

Phuong phap va khdi bu cong suét on dinh chi s6 ACLR c6 vai trd quan trong trong
viéc dam bao chét lugng tin hiéu phat cia RRH. Chi s6 ACLR ludn dugc duy tri & mirc cao,
giam nhiéu sang cac kénh 14n cin, ndng cao chét luong dich vu mang. Ngoai ra, phuong
phap bu cong suat ndy dugc trién khai trén FPGA nén kha nang bu cong suét cho tuyén phat

RRH c6 dd chinh xac cao, do tré ngan va c6 thé tiry bién theo moi yéu cau dat ra.
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YEU CAU BAO HO
1. Phuong phap bui cong suat n dinh chi s6 o kénh lan can (Adjacent Channel Leakage Ratio
ACRL) cita thiét bi thu phat séng v tuyén (Radio Remote Head — RRH), bao gdm cac budc

sau:
(i) xAc dinh gia tri chénh lach A, gitta cong sudt s6 tuyén phat va cong sudt s6 tuyén phan
hdi tai thoi diém hiéu chinh theo cong thirc:

Ac = - (Gtx_c + Gpa_c+ Gr)

trong do:

- Grx c (dB) 1a d6 loi ciia mach tuong tu toan tuyén phat (khong bao gom do lgi clia
PA) tai thoi diém hiéu chinh (RRH & ché d6 phat cong suat Max),

- Gpa_c(dB) la d6 loi ctia PA tai thoi diém hiéu chinh,

- Grs (dB) 1a d6 loi cua mach twong tur tuyén phan hoi,

(ii) 14y mAu va tinh cong sudt tin hiéu tuyén phat va tuyén phan hoi theo cong thirc:

- 2 2

DI +0)
p=42 , vGiN = 16384;
trong do:

Ila phﬁn thue cda tin hiéu $6,
Q 12 phan o cua tin hiéu 5O
(iii) chuyén ddi cong suét s6 sang kiéu dBFS, va tinh toan gia tri A theo cc cong thire sau:
dBFS =10log,, P
Am = - (Grx + Gpa + GrB)
A= Ac- Am=- (Grx_c + Gpa_c+ GrB) + (Grx + Gpa+ Gr) = Gra — Gra ¢}
trong do:

- Amla gia tri chénh 1éch gifta cong suét sd tuyén phat va cong suét sé tuyén phan hoi
tai thoi diém tinh toan,

- Gpa(dB) 12 do loi cua PA tai thoi diém tinh toén, va
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(iv) thuc hién bu cong sut on dinh chi s6 ACLR theo nguyén tac sau:

- khi A bién dong nim ngoai khoang [low_thres - high_thres], thi cong sut tuyén
phét duoc gitt khong doi,

- khi A nam trong khoang [low_thres - high_thres], thi cong sut tuyén phat dugc
diéu chinh tiry theo d4u ciia A: néu A > 0, tuong tmg v6i Gpa > Gra_c, thi khdi Postab thuc
hién giam cong sut tuyén phat mot lugng 1a 0,1 dB, va cho trong 1 gidy; thuc hién nguoc
lai v6i tinh huéng A<0, twong (g v6i Gpa < Gea_c, thi khdi Postab thyc hién tang cong suét
tuyén phat mot luong 12 0,1 dB, va cho trong 1 gidy; 1dp lai qua trinh nay cho dén khi A nim
ngoai khoang [low_thres - high_thres] thi két thuc.

2. Khéi bt cong suét dn dinh chi s6 chi s6 1o kénh 1an cin (Adjacent Channel Leakage Ratio
- ACLR) ctia thiét bi thu phat séng vo tuyén (Radio Remote Head — RRH), bao gom ba khéi
con:

- khéi 14y mAu dit liéu va tinh toan cong sudt, trong d6 khdi nay thyc hién lay 16384
mau dit lidu I va Q trén tuyén phat va tuyén phan hdi, sau do thuc hién tinh cong suét P theo
cong thirc dudi day, gia tri cong suit P cta tuyén phat va tuyén phan hdi duoc luu lai trong

2 thanh ghi khac nhau:

2 I +00)

P= , vOi N = 16384;

- khéi chuyén d6i dBFS va tinh toan gia tri A, trong d6 chuong trinh chay trén vi Xt
Iy ARM thyc hién doc thanh ghi luu gia tri cong sut tuyén phat va tuyén phan hdi, dong
thoi tinh toan dBFS theo biéu thirc sau day:

dBFS =10log,, P
va tinh gia tri Am = Prx — Prs; sau d6, chwong trinh nay tinh toan gia tri A = Ac - Am
va luu vao thanh ghi; va

- khéi bu cong suét, trong d6 khdi bu cong suét nay doc thanh ghi luu gia tri A, theo
chu ky 10 gidy, khdi nay thuc hién bu cong sudt véi bude nhay 1a 0,1 dB, thoi gian thuc
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hién mdi budc nhay 1a 1 gidy, cho ti khi gi tri sai s A ndm ngoai khoang [low_thres -
high_thres] thi dimg bu, trong d6 low_thres 1a ngudng bu dudi (ngudng trong d6 cho phép
sai sd ciia cong suat phat) va high thres 1a ngudng bu trén (ngudng cho thiy da nam trong

dai bi hong thiét bi phan cting).
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Gra c
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i ] ALIGNAUTO
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Hinh 8

-22-




Mech Atten 34 dB

33946

Céng sudt phat (dBm)

Whiét §6 RRH (d6 C}

SENSEIINT|

Center Freq: 1.860000000 GHz
Trig: Free Run Avg|Hold:>10/10 Direction: Downlink

IFGain:Low #Atten: 34 dB Ext Gain: 30.70 dB  BW: 10 MH2(50 RB)
10 dBidiv Ref 40.00 dBm
Log I
N sba |[aas 603
-0 dBm DL
- 626 dBc dBc -B5.1
h dBc | dBc
|
o i
BN [ {
o : H
-30 H
o oarped] It
40 Paftar = { _M L te'ri?‘
a0 H H H
|
!Center 1.86 GHz Span 100 MHz
#Res BW 100 kHz VBW 1 MHz Sweep 29.2ms
Total Carrier Power 45.82 dBm/ 9.02 MHz ACP-IBW
. Lower Upper ,
Carrier Power Filter  oOffsetFreq  Integ BW dBc dBm dBc dBm  Filter |
1 4582 dBm/ 8015MHz  OFF | 10.0C MHz 9015 MHz 6041 -1459 6226 -1644 OFF
20.00 MHz 9015MHz -6263 -1682 -6515 -1933 OFF

Hinh 10

-23-



33946

R B

Hinh 12
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