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Linh vie ki thuit dwoe dé cip

Giai phép hitu ich lién quan dén viéc thiét ké tram gbc (Base Station) ciia hé
théng lién lac khong day 5G st dung nhiéu dng-ten hay con goi 12 k§ thuat MIMO tap
hop 16n - Massive MIMO (multiple input, multiple output). Cu thé, giai phap hitu ich
dé cap dén phuong phap giai ma tin hiéu da nguoi dung trong hé théng Massive

MIMO ma khong can st dung ma trén nghich dao.
Tinh trang ky thuit ctia gidi phap hitu ich

Pé ting tdc do chuyén tai dir li¢u gitta ngudi dung va tram gdc trong hé théng
lién lac khong day 5G, nhiéu dng-ten c6 th duoc tich hop & tram gdc va sir dung k§
thuat Massive MIMO. Vi du, béng cach st dung k¥ thuat Massive MIMO vé1i 64, 128,
hoac 256 ang-ten, tram gbc ¢ thé cung cip tdc do dit liéu cao glp 10 lan tdc do dit

lidu cung cép béi 4G-LTE.

Mot trong nhitng théch thire trong viée st dung k¥ thuat Massive MIMO la tinh
toan rat nhidu ma trin nghich dao dé tach va khoéi phuc tin hiéu cua ngudi dung. Vi du,
trong mot hé thong 16 ngudi dung, c6 128 ang-ten & tram gbc, st dung diéu ché
OFDM (Orthogonal Frequency Division Modulation) v6i 1200 séng mang cho di liéu,
yéu cau xir ly khoang 2,4 triéu ma trén nghich dao/gidy. Thiét ké mach tich hop IC
(Integrated Circuit), hodc thiét ké FPGA (Field Programmable Gate Array) dé tinh truc

tiép ma tran nghich dao phire tap, t6n nhiéu tai nguyén phan ctng, va tré xit ly 16n.

Céac phuong phép hién nay dé tach va khoi phuc tin hiéu cia mdi ngudi dung dugce

chia lam 3 nhom:

- Tinh truc tiép ma tran nghich dao bang cach st dung thuat todn phan tich QR
[1, 2] (QR decomposition), hoic phan tich Cholesky [3] (Cholesky
decomposition)

- Tinh x4p xi ma trdn nghich dao: chudi da thirc (polynomial expansion), chudi

Neumann (Neumann series) [4]
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- Giai hé thdng phwong trinh tuyén tinh bing phuong phép ldp: Gradien lién hop
CG (Conjugate Gradient) [5] hodc CD (Coordinate Descent) [6]

Nhitng phuong phép nay c¢6 cac nhuge diém nhu sau:

- Phuong phap tinh truc tiép ma tran nghich dao bing cach sir dung thuat toan
phan tich QR [1, 2], hodc phan tich Cholesky [3] phirc tap va tré xtt Iy cao.

- Phuong phap chudi da thirc, chudi Neuman bac 1 hozc 2 don gian nhung do
chinh x4c khong cao. Chudi Neuman [4] v&i bac 3 ¢6 do chinh x4c cao, nhung
tinh todn phirc tap gin bang tinh truc tiép ma tran nghich déo.

- Phuong phap lip CG [5] va CD [6] yéu cau rit nhiéu phép toan nhan & mdi
vong lap, sb phép nhén ty 18 voi sb ang-ten & tram gdc (64, 128). Phép toan
nhan yéu cu nhiéu tai nguyén khi trién khai trén FPGA.

Do d6, can c6 mdt phuong phap giai ma tin hiéu ctia nguoi ding mét cach don
gian, tinh toan toc dd cao, khong cin st dung ma tran nghich dao.
Ban chit ky thuit ciia giai phap hitu ich

Muc dich cta gidi phap hitu ich nay la tadch va khoi phuc dit li€u cia cac nguoi
dung trong hé théng Massive MIMO mdt cach don gian, tré xir ly thap, khong str dung
ma trdn nghich dao, d& dang thiét ké trén FPGA. DPé dat dwoc muc dich nay, giai phap
hiru ich dé xuét phuong phép giai ma tin hiéu da nguoi ding trong hé théng Massive
MIMO ma khong can st dung ma tran nghich ddo, phuwong phép ndy bao gdm cac
budc sau:
i) st dung nguyén ly ctia bd loc phdi hop dé ting ty sb tin hiéu trén tap 4m;
ii) khdi tao gia tri wéc luong cho mdi nguoi ding;
iii) khir nhiéu va cai thién tin hiéu ctia mdi ngudi dung;
khac biét & chd trong bude iii), mot cdu tric xir 1y ndi tiép bao gdm K khébi xir 1y nbi
tiép giéng nhau dugc tao ra nham khtr nhiéu mot cach hiéu qua, tin hiéu nguoi dung k
sau khi dugce cai thién s&€ dugce st dung ngay dé khtr nhidu va cai thién tin hidu cua
nguoi dung k + 1.

M6 ta tém tit cac hinh vé
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Hinh 1 14 hinh v& dang so dd md ta phuong phap xtr Iy tin hiéu cta tram gbe.

Hinh 2 14 so d0 md ta phuong phap giai ma da ngudi dung trong hé théng
Massive MIMO khong diung ma tran nghich dao.

Hinh 3 1a so d0 mo t4 cau trac khir nhi€u noi tiép.
MG ta chi tiet gidi phap hiru ich
Tai tram gdc bao gdm nhiu dng-ten, tin hiéu dau vao ciia mdi ang-ten 1a tong

hop cua nhidu ngudi ding qua dnh huéng cia kénh truyén dan. Nguyén ly dé tach va

khoi phuc tin hiéu ctia mdi nguoi ding nhu sau:

- Két hop tin hiéu tir cac ang-ten dé tang cong sudt tin hidu ctia ngudi ding mudn
tach. Budc nay dugc thuc hién béng cach st dung mdt bo loc phéi hop. Tram
gbc sir dung L ang-ten dé thu nhan tin hidu cia ngudi dung tho k. Néu ham
truyén tir ngudi ding nay t6i mdi ing-ten clia tram gbc duoc udc luong, bing
cach nhan tin hiéu & mdi ang-ten véi lién hop phic cta ham truyén rdi cong
téng tin hiéu tai cac nhanh dng-ten, ti sé tin hiéu trén tap Am ctia ngudi ding k
dugc tang 1€n. Nguyén ly nay s€ dugc gidi thich chi tiét hon dudi day.

- Loc bo nhiéu giy ra bdi cac ngudi dung trén tin hiéu mong mudn théng qua céc
vong l3p. Bing cach st dung mdt cau tric nbi tiép, tin hiéu cua ting nguoi
ding duoc cai thién nbi tiép nhau qua céc vong lap.

- CAu truc ndi tiép gdm K bo tinh toan co6 ciu tric giéng nhau, don gian, dé thuc
hién trén phéan cing.

- Thong qua tinh todn ma tran Gramma (Gramma matrix), sd lwong phép nhan tai
mdi vong ldp chi 1 1, nhé hon rat nhiéu so véi phuong phap CG [5] hay CD
[6].

Hinh 1 1a hinh v& dang so dd mo ta kién tric xtt 1y tin hiéu ctia tram gdc str
dung hé théng OFDM Massive MIMO véi K nguoi dung. Dit liéu bit cia mdi
nguoi dung dugc dua qua by ma hoa, vi du méd Turbo, sau do diéu ché QAM
(quadrature amplitude modulation) nhu khéi 100-1, 100-2,..., 100-K. Pau ra cla
bd didu ché QAM la cac mau IQ dugc ky hiéu 13 S;,S,, ..., Sk. Sau khi diéu ché
OFDM khéi 101-1, 101-2,..., 101-K, tin hiéu ctia mdi ngudi dung dugc phét di sir
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dung mot Ang-ten nhu & khéi 102. Tin hidu trén mién thoi gian tai cdc dng-ten clia
cac ngudi ding dugc ky hiéu 13 s, s,, ..., sg nhu & khéi 101, Tin hiéu OFDM ctia
mdi ngudi ding truyén qua kénh truyén vé tuyén va dwgc thu tai L dng-ten cta

tram goc.

O duong 1én tram gbc sir dung L dng-ten dé thu va tach tin hidu cia K nguoi
dung, & duong xubng tram gdc sir dung L dng-ten dé ddng thoi phat tin hiéu cho K
ngudi ding. O tram gdc, tai khdi 104, tin hiéu thu trén mién thoi gian 13 yy,y,, ..., y1..
Sau khi giai diéu ché OFDM, tin hiéu tai céc vi tri hoa tiéu (pilot) dugc dua vao bod
udc lugng kénh (Channel Estimator) 107-1, 107-2,..., 107-L. Pau ra ciia bd udc lwong
kénh 1a cac vec to kénh truyén Hy, H,, ..., H;, cling véi tin hidu giai diéu ché OFDM tai
vi tri cdc song mang mang dit liéu 1a vec to Y dugc dua vao b giai ma da nguoi dung
Massive-MIMO 107. Bd giai ma da nguoi dung Massive MIMO sé& tach va khoi phuc
lai tin hiéu ctia mdi ngudi ding. Déau ra ciia bo giai ma da ngudi dung Massive MIMO
14 cac ky hiéu phtrc X, X5, ..., Xk duge dua vao bo giai didu ché QAM va giai ma dé

khoi phuc lai dit liéu bit ban dau cho tirmg ngudi dung.

Théach thic cia hé théng Massive MIMO dudng [én 1a khdi bo giai ma da nguoi
dung Massive MIMO s€ phai tinh toan rt nhidu ma trdn nghich do trong thoi gian
ngén. Vi du, mot hé théng OFDM Massive MIMO véi 8 nguoi dung, tram géc su
dung 128 dng-ten, hé théng OFDM sir dung 1200 séng mang dé mang dir lidu, vé6i kich
thude FFT/IFFT la 2048 va tbc do 14y mau 30,72 Mega-mau/gidy (Msps-Mega sample
per second), s lugng ma trdn nghich dao cdn phai tinh 1a 2,4 triéu ma tran/gidy
(Mmps-Milion matrices per second). Thiét ké FPGA dé tinh truc tiép 2,4 Mmps 1a rat

phuc tap, va yéu cau nhiéu tai nguyén phén cing.

Phuong phép giai ma da nguoi ding trong hé théng Massive MIMO sir dung

ma trin nghich dao dugc thyc hién nhu sau:

Tin hiéu thu & tram gdc sau giai diéu ché OFDM duoc biéu dién bdi phuong

trinh sau:
Y=HS+N (1)

Y € CI¥1 H € C1*K § € CK*1 N € X1 )
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H 12 ma tran kénh truyén gita K ngudi ding va L dng-ten cia tram gbc, N ky hiéu
nhidu tring tai cac dng-ten cta tram gbe. Tin hiéu cta K ngudi ding c6 thé dugc khoi
phuc theo phuong phidp ZF (Zero-Forcing) hoic MMSE (Minimum Mean Square

Error) nhu sau:
S, = (HEH)'H"Y (3)
Swmse = (HTH + 62D tHYY (4)
ky hiéu o 1a gia trj phuong sai nhi€u (noise variance) ctia nhiéu tai cac ang-ten thu,
02 = E[N"N]. Phuong trinh (2) va (3) yéu cau tinh ma trdn nghich ddo (HHH)~1. Mdi
song mang déu yéu cu tinh mdt ma tran nghich dao, do d6 véi hé théng OFDM 1200

song mang, sO lwong ma tran nghich dao 1a rt 16n. Phwong phap tinh tryc tiép ma tran

nghich dao 1a khong phi hop cho trién khai trén phan ctng.
Hinh 2 13 so dd mo ta phwong phép gidi md da ngudi dung trong hé théng
Massive MIMO khoéng dung ma tran nghich ddo va dugc thyc hién nhu sau:
Tin hiéu thu tai mdi dng-ten 14 téng hop tin hidu ctia K ngudi ding, va phuong
trinh 1 ¢6 thé dugc viét lai nhu sau:
Y =S;H; +S;H, + -+ S¢kHx + N (5)
Hy = [Hyy, Hag o) HLK]T (6)
ky hiéu Hy 12 vec to ham truyén giita ngudi ding k va L #ng-ten ctia tram thu gdc, H,
1a ham truyén gifta ngudi ding k va ang-ten thir 1 cta tram thu gbc.
e Buwdc 1: Bé loc phdi hop (Matched Filter) la khoi 202.
Déu vao cta khdi 202 14 tin hiéu giai diéu ché OFDM tai L nhanh ciia tram gbc
Y,, Yy, ..., Y, va ham truyén uéc luong H, dau ra 1a tin hiéu by, b,, ..., by. Bd loc phéi
hop duoc sir dung dé tang ty sb tin hiéu trén tap 4m cho mdi ngudi ding. Sir dung
nguyén 1y ctia bd loc phdi hop, ty s6 tin hidu trén tap 4m cta ngudi mdi ngudi ding
duoc toi vu nhu sau.
b = HYY (7)

Vi dy, cho ngudi dung thir k
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K
5 ®)
Yy = || Hiel | Sk + z H;H;S; + HiN
i=1

ik

Khi sb luong ang-ten & tram gbc 16n, va vec to kénh truyén ciia 2 nguoi ding
H, va H, 12 khong twong quan thi thanh phan tap 4m h H; H;S; s& tién toi 0. Do d6
ik
phuong trinh (7) ¢6 thé duoc sir dung dé ning cao ty sd tin hidu trén tap 4m tai phia
thu.
o Buwdc 2. Khéi tién xir Iy (Pre-processor) la khoi 203.

Khéi 203 khéi tao gid tri wéc lugng cho tin hidu ctia mdi ngudi ding nhu sau

b ©)
1) = =
: D
2
Dy = |IHl|] (10)

D va E 13 dugec tinh tir ma tran Gramm nhu sau
G = H'H (11)
G=D+E (12)
D 1a duong chéo chinh cuia ma trén G.
o Budc 3: Khéi khir nhiéu (Interference Canceller) la khoi 204.

Sau khi tin hiéu ctlia mdi ngudi dung dugc ude lugng tho boi khoi tién xir ly

203, khdi 204 thyc hién khir nhiéu nhu sau

b—-E.S§® (13)

Pé giam do phirc tap ctia khdi khir nhi€u 204 va téng hiéu qua cta qua trinh khir
nhidu, mét cu trac tinh toan ndi tiép duoc thiét ké nhu trén Hinh 3. Khdi khtr nhidu
duoc thuc hién boi K bd xtr 1y ndi tiép nhau. Sau khi tin higu ctia ngudi dung 1 dugc

cai thién, tin hiéu nay dugc dua vao bd thir 2 d€ cdi thién tin hi€u cia ngudi dung 2,
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tuong tu cho t6i ngudi ding K. Pau vao ctia mdi bd xir 1y 14 vec to tygyq (V6i gid tri
ban dau t=E. SM) va hé s6 by, mdi bd xit 1y s& cap nhat tin hiéu cho nguoi diung va

cép nhit vec to t nhu sau:

5@ _ by — (14)
@ _ 2k~

Dy
= t+ (82 — 30, (15)

E, 14 cot thir k ctia ma tran E. M3i bd xit Iy c6 cdu tric giéng nhau nén d& dang cho
thiét ké. Ky thuat dng din (pipeline) c6 thé dugc 4p dung dé lam tang luu luong
(throughput) ctia bd xir Iy ndi tiép.

S6 luong phép toan cin thuc hién trong phwong phép giai ma da ngudi dung

Massive MIMO str dung ma tran nghich dao dugc trinh bay trong bang sau:

Bang 1. S lugng phép toan khi tinh toan truc tiép ma tran nghich dao

Phuong trinh | S6 phép chia | S& phép nhén S& phép cong
Ma trdn Gramma G = HHH 0 K2L K2L
2 2
Bo loc phdi hop b = HHY KL KL
B& nghich ddo ma tran (@)1 K3 K3
B6 can bang kénh . b 0 K
§=-_
G
Tong K , , K2L ., K%L
K° + —-2-"" + KL | K°+ T + KL+ K

S6 luong phép toan cin dé thuc hién trong phuwong phap giai ma da ngudi ding

trong hé théng Massive MIMO khong str dung ma tran nghich d4o theo gidi phép hitu

ich dugc trinh bay trong bang sau:

Bang 2. S6 luong phép toan khi sir dung phwong phap d& xuét
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Phuong trinh S8 phép chia | S8 phép nhan S& phép cong
Ma trdn Gramma G = HHH 0 K2L K2L
2 2
BG tach ma tran G=D+E 0 0
B loc phdi hop b = HHY KL KL
BO tién xr ly S = b 0 0
D
BS khir nhiéu a2 _ b=tk K K2 3K
k — Dk
t=t+ (57 -5 By
Tong 2K K2L K2L
—2—+K2+KL T+KL+3K

Nhu vay, sd luong phép toan can dé thuc hién trong phwong phép giai ma da
nguoi dung Massive MIMO khong st dung ma trén nghich ddo chi la (% + K% +
KL) phép nhén thi s6 lugng phép toan can thuc hién trong phuong phap gidi ma da
nguoi dung Massive MIMO st dung ma trdn nghich dao la (K3 + % + KL) phép
nhan.
Vi du thwe hién gidi phap hitu ich

Dé kiém tra hidu qua ctia phuong phap giai ma trén thuc té, mot thiét ké FPGA
dugce thuc hién trén Xilinx System Generator véi tham s6 hé théng, va két qua dat

duogc & Bang 3.

Bang 3. Tham s hé thdng thir nghiém va két qua

Tham s6 hé thong

SH lwong ang-ten & tram gdc 64

S6 lugng nguoi ding 4

Kich thugec FFT/IFFT cia OFDM 2048
Kich thudc song mang con 15KHz
Sb luong séng mang con mang dit liéu 1200
Diéu ché 64QAM
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Két qua thiét ké FPGA (Ultrascale FPGA) véi clock 100MHz

Tbc do xtr Iy ctia bd giai ma Massive- 25Msps/nguoi dung
MIMO
Sd lrgng ma tran nghich d4o 3,125 tri€u ma tran/giay
S6 DSP48 sir dung 2368

Chu y: néu str dung phwong phép tinh truc tiép ma tran nghich dao thi s6 DSP48 can
sir dung la 4352.

Loi ich cé thé dat dwoc ciia giai phap hiru ich

Phuong phap giai mé tin hi¢u da nguoi dung trong hé théng Massive MIMO ma
khong can st dung ma tran nghich dao c6 dd phuc tap thip, sé luong phép nhén it hon
1 bac so v6i tinh tryc tiép ma tran nghich ddo. Phuong phép theo giai phap hitu ich nay
dat dugc do chinh xdc cao hon cic phuong phép chudi da thic, chudi Neuman, CG,
CD nho cAu tric khir nhidu ndi tiép. Phuong phap nay ciing c6 thé duogc thuc hién
bang cdu tric xir 1y song song (pipeline) d8 hd tro tinh toan téc do cao (high-
throughput). C4u trac xi ly nbi tiép gdm K khdi gidng nhau cho hiéu qua cao, dé& dang

cho thiét k& phan cimg.

-10-
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YEU CAUBAO HO

1. Phuong phap giai ma tin hiéu da nguoi ding trong hé thdng Massive MIMO ma

khong can str dung ma tran nghich dao, phuong phap nay bao gdm céc budc sau:

i) sir dung nguyén 1y ctia bd loc phdi hop dé tang ty s tin hiéu trén tap am;

ii) khéi tao gia tri uéc luong cho mdi ngudi dung; va

iii) khir nhiéu va cai thién tin hiéu ctia mdi ngudi dung;

khac biét & chd, trong bude iii), mdt cdu tric xir 1y ndi tiép bao gdm K khdi xir ly ndi
tiép gibng nhau duoc tao ra nhiam khir nhidu mot cach hidu qua, tin hiéu nguoi ding k

sau khi dugc cai thién s& dugc st dung ngay dé€ khir nhic¢u va cai thién tin hiéu cta

nguoi dung k + 1.

-11-
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