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K ét hop ma héa mang lép vat Iy va lwa chon nat
chuyen tiep cho kénh vo tuyen chuyen tiep hai chieu

Combined Relay Selection and Physical Layer NetworiCoding
for Wireless Two-Way Relay Network

Vii Pirc Hiép va Tran Xuan Nam

Abstract: Network coding at the physical layer -  Tir vin d& néu trén &n lam rd ngt sb noi dung
(Physical layer Network Coding: PNC) is a promisingau: Mt la ar khac bét cha ma hda mng cho céc
technique to increase transmission throughput ovenang cé day va khéng day; Hai 1a lant thaodé thuc
two-way relay wireless networks. In a relay networkién ma héa nng lop vat ly (PNC) cho mang khéng
selecting a most capable intermediate node to sasveday; Ba la lam thnaodé dat duwoc méa héa trong amg
the relay help to increase transmission performanckhéng day MIMO; Bn 1a hréng mb c6 tté thuc hién
This paper applies the selection to the MIMO-PN®NC.
network and proposes three relay selection algot8h  p3 c§ nhéu cong trinh nghiéniai Vé truyén théng
based on the eigenvalue, harmonic mean (harmmeap); tac MIMO hai chdu. Timo Unger va Anja Klein
and norm of the channel matrix. It is shown tha thirong cong trinh [4)d¢& nghién Gu phan tich pim
eigenvalue based algorithm has the best BEEwt he thdng chugn tiép hai chéu wi tram chuyn

performance. tiép da ang-ten. MIMO chugn tiép hai chéu ch yéu
Key words. PNC, selected relay, wireless network, cau thdng tin tang thai kénh try@n CSI (Channel

network coding. state informgtio’n)”y c‘:éc tam chuyn tiep quado lam
giam dang I tiép dau théng tin CSI (CSI signaling

l. GIOI THI EU overhead). So sanhsivcac giao titc khac, hju stit

dat duoc xét \& toc do tobng aia dé xuit giao thic
chuyén tiép hai chéu MIMO Ia tt hon. Trong céng
trinh nghién @u [5] Shengli Zhang cungéog sr da
chi ra fing &p dng tnrc tiép cia ma héa ang NC &
l¢p vat ly trong mang chuyn tiép khong day cé th
ting dip doi dung lrong aia hai hrong truyén théng
diém-diém.

M& héa mng- Network Coding (NC)ah dau
tién duoc dé xuit trong [2] la ndt ky thuat hira hen dat
dugc dung trong max-flow min-cut trong tridn dén
da duong. Ma héa rang tuyén tinh dugc biét nhu 1a
mot bién phap hiu qua dé tang théng rong mang [3].
Ma hoa mang théng tlrong dugc ap ding cho cac
mang khong day. Trudn thdng khong dayutdiém -
diém dén phrong thrc da ching c6 cac nit chép
tiép. Ung ding aia mé héa mng Wi cac mang khéng
day la plrong phéap #p cn tr nhiéndé ting théng
lwrong aia mang.

Hé thong MIMO da dugc biét dén nhr mot giai
phéap quan tmg dé ting dung trong kénh trugn trong
méi tredng phadinh. Sr két hop MIMO va ma hoéa
mang cho phémat dugc théng lrong aia mang t.

Cadng trinh nghiénta [6] phén tich va so sanh cac
md hinh PNC i 2,3,4 time slot. Kt qua chi ra ing
d6i véi mé hinh PNC 2 time slot chéd do tong arc
dai tét hon cac mé hinh comil Sungsoo Kim cuing
cong sr trong cong trinh nghiénua [7] da Kt hop
NC cho céac & thong chuyn tiép MIMO véi bo can
bang tnroc tuyén tinh trong kénh hai ckii. Mé hinh
dé xuit nay lam ing do loi ghép kénh 24n va cung
bac phan 4p so i chuyén tiép mot chiéu. Cong trinh
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[8] xem xét md hinh m& héaamg (NC) trongdd nut
chuyén tiép uéc luong ting tin heu z, va z, tr hai
nat dau cwi 1 va 2, saudd thec hien chuyn tiép
phién in ma hoa rng ¢ dang =z, & =, t6i hai nltdau
cudi. Trong cbng trinh [1] Zhang va Lieda dé xuat

mo hinh ma hoa amg lop vat ly PNC (Physical Layer

Network Coding) i nhiéu ing-ten dwoc i la
MIMO-PNC. Trong md hinh PNC, nGt Chéry tiép

khdnguéc lugng cac tin liu z, va z, riéng bét ma

uéc lugng cac phiénn két hop z, +z, va z, — 1,
va chuyn tiép cac phién in naydén 2 diu cuwi. Uu
diém aia phrong phap PNC sodi NC nhr chi ra ¢
[1] 14 mang 4i hiéu suit BER 6t hon do khéng chu
anh hrong aia hén teong lan trugn I6i (error
propagation) do tach am tin hiéu mot cach riéng &
truge khi chuyn tiép cho cac ndbich.

Trong bai bao nay,u trén y trong [1] dbi voi md
hinh MIMO-PNC, ching tédé xuét sir dung két hop
lya clpn nat \6i PNC dé ting chit lugng truyén.
Chung t6i & dung 3 thuit todn Lra cton nat Chugn

tiép, a1 thé |a dra trén gia trriéng (eigenvalue), trung

binh hai hoa (harmmean) va éhuaia ma tén kénh
truyén (channel norm). Ba thtitoandé xuat nay cho
pham chit BER 6t hon so \6i md hinh khdng & dung
lya chon natdé xuat trong [1].

Bai b&o naydugc t6 chic nhr sau: M6 hinh ga hé
théng MIMO PNC dugc trinh bay trong nc 1. Muc
Il trinh bay cac phong phéap a clon nit Chuyén
tiép. Cac Kt qua moé ptong dugc cH ra trong mc IV va
cwi cung muc V la Kt luan oia bai bao.

ll. MO HINH H E THONG

11.1. M6 hinh hé théng

Chung t6i xem xét kénh Chéy tiép hai chéu
tuong tr [1], nhe minh fpa trong Hinh 1. Mt hé
thong mang bao §m hai nat Céi N

VA N, traodoi
thong tin qua nit Chun tiép N,. Khong codudng

két ndi truc tiép giira hai nat Céi. Bé don gian gia Sir

4T V-1, $ 10 (30), thang 12/2013

cac nut Céi duoc trang b 1 ang-ten, va nat Chuin
tiép duoc trang b 2 ang-ten.

()
() ()

Hinh 1. M6 hinh kénh chujn tiép hai chéu

Tir mé hinh va i thiét trén ching ta c6 &vé lai md
hinh Chugn tiép thr K voi k =1,2...K hai chéu nhr
Hinh 2.

Chuyén tiép k

Hinh 2. M6 hinh & thdng chuyn tiép hai chéu
tuong duong

Viéc truyén din PNC bao §m hai pha. Phdau tién
ca hai nGt Céi déu truyén cuing nat ltic dén nat Chugn
tiép. Gi thiét tin higu hai nat Céi dén nat Chugn tiép
Vai cac symboliong k. Tin hiu thu ki nGt Chuyn tiép
biéu dién nhr sau:

q:hx—i-hx

1171 12772

+n (1)
7‘2 = h21$1 + h22$2 + n?

trongdo r, ky hiéu tin hgu thuduoc tai ang-ten thr

cua nit Chugn tiép, £, 1a ¢ s5 kénh Gaussian (o ti
ndt N dénang-ten th ¢ cua nit Chugn tiép, z, 1a tin
hiéu phat ea nGt N, va n; la tap am Gaussian s tai

ang-ten thr j caa nGt Chugn tiép v6i trung binh Bng 0
va phrong saic® cho @ hai chéu.

Gia thiét cac nlidugc diéu ché BPSK. Trong phaau
tién, g thiét biét thong tin & kénh day du tai nat
Chuyén tiép (nat ntan) va khéng cé théng tirdwkeénh i
hai nat Cwi (NGt phéat). § anh hrong aia cong sét phat
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va pha séng mandyroc thé hién trong ¢ sb kénh plic. Theo [1] sr dung Log Likelihood Ratio (LLR) ¢a
Cong thirc (1)duoc viét dudi dang véc & nhr sau: o, ®x, tr y, vy, nhrsau;

XA @ Pl [, &7, =1)
trongdo ki hitu H 1a ma tén kénh, X la véc o tin =~ L(z, &z, ‘ylyQ) =1 2_
higu phat, N 1 véc b tap am, R 1a véc b tin higu thu, Plyg|s, &2, = 1)
NGt Chuyn tiép &5 ging udc lugng ching ma héa emg = €xP(2/ 0, =2/ o7)cosh(2y, / o7) / cosh(2y, / o)
ciia tin héu hai nat Céi nghia 1a z, & z, . Trongdo ky (6)
hieu @& 1a phép XOR. Trong pha hai, nit Choytiép ~ trongdé o = {GHG}M o® la phrong sai #p &m @ia
phat cécn:ér’c Iu’qrjg goi dr I,i éu dugc ma hoa ring cho & dong thr i sau Kt hqpvtuyén tinh Nguy@n fic quybt
hai nat Cl@i.‘ Moi nut Cuwi saudo giai ma goéi dr lieu dinh nhr sau [1]:
nhan dugc bang cach thrc hién phép XOR dia tin héu

thuduoc Wi thong tin chinh no. ¥, ®x, =

1 khi L(z, © =, ‘ylyz) >1

: ()
—1khi L(z, ® =, ‘ylyQ) <1

I1.2. M6 hinh t4ch tin hiéu MIMO -PNC
Cong trinh [1]d& d& xuat mé hinh PNC da trén
tach tugn tinh MIMO. Trong md hinh nay nuat

Cong thic (6) thé hién Log Likelihood Ratio
(LLR) cua tin hgu Chuyn tiép la Ay tong aia LLR
cia mdi ludng di lidu. [1] cing cH ra fing LLR c6
phim chit t5t nhit, nheng ding cin phai tinh dén
riéng K x, va z, tir tin higu thuduoc. Saud6 né phat phueong sai @a fap am vaduoc tinh nhr sau [1]:

Chuyén tiép uéc lwgng z, + z, va z, — =z, chi khong

ci z, +z, Va z, —z, dén cac nat Cdi, tin hicu z ®a, =
z, @z, voi phép anh x PNC. Tin hju thuduoc trong sign(abs(y, )-thr) when {GGH }M < {GGH }22
(2) c6 the duoc viét nhr sau [1]: a sign(thr-abs(y,)) otherwise
R=HX + N @) ®)
= (HD")(DX)+ N=HX + N Dé don gian dit thr =1, dya trén LLR va nguyén
11 tic quyét dinh dra vao tra chon (Selective) theo (8).
D=2D"= L
- l. CAC PHUONG PHAP LUA CHON NUT
Déi véi tAch tuygn tinh, &n phai tim ma tén can CHUYEN TIEP
bing G twongtng Wi H dé tinhwéc hrong aia X . CAc thdt toan fra chon nat Chugn tiép duoc thyc
Uéc luong aia thdng tin phaduoc tinh [1]: hién theo mo hinh phan tandng tr nhr trong cac tai
Y = GR = GHX + GN ) liéu tham kido [9-11] Trong [10] nhom tac gida de

xuat ba thit todn nix lya cton nat dra trén chéan ma

Trug tach ZF (Zero-Forci .
ruong fop tac (zero-Forcing), tran kénh (norm),da cton nat dra trén trung binh hai

— /TTH 7)) T H A Koo rs \ 4
G = (H"H) H", condoi véi truong fop tach hoa (harmonic mean)y# cton nit dra trén MSE
MMSE (Minimum mean square error), (Maximum Square Error). Trong [10] nhém taé da
G=(c*IT+H"H)'H". dé xuét hai thuit toan nhr lya chon ndt dra trén gia tr

riéng (Eigenvalue)ula cton nut dra trén SNR (Signal
to Noise Ratio). [10,1114 ching minh duoc ring
thuat toan ra chon nat dra trén SNR cho pgim chit
BER ©t nhit, k& dén 1a Bn luot 14 cAc that toan

Tin hiéu uéc lugng aia X nhe sau:

(5)
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Eigenvalue, MSE, Harmonic mean véébm:ﬂng la
Norm. CAc théit toan naydéu dugc dé& xudt s dung

cho mé hinh MIMO-SDM (phan chia theo khéng

gian) sr dung K tach tin h{u da ang-ten ZF héac
MMSE tai nat bich nén wc ap ding vao md hinh
MIMO-PNC & chra kha thi. Vi vay dé bao dam tinh
kha thi, chiing toi chdé xuit sir dung 3 phueong phép
lya clon nat dra trén chén ma tén kénh, fra chon
nat dra trén trung binh hai hoa vaal cton nuat dra
trén gia ti riéng vao mé hinh MIMO-PNC

Piéu nay c6 ngta rng cac nat Chun tiép
k=12,..,K s hop tac i nhaudé chon mot nat co
kha ning nHit 1am nat Chugn tiép. Bé ma lamdugc
nhu vy, cac nat Chun tiép & sir dung théng tin ¢
kénh c6 &n dén ching qua céc liénék cuc bo. Gia
thiét mdi nat Chuyn tiép déu biét kénh thdn tir cac
nat Cui dén né ky héu 1aH™*. Mdi nat & s3 tinh ch
sb chit luwong kénh trugn (CQI: channel quality
index) dia cac nat Céi dén chinh nd. Nat c6 CQbh
nhat dugc ky hiéu 1a x s dugc lya chon lam nat
Chuyén tiép. Trong phn tiép theo trinh bay céc
phuong phap ta cton nat Chugn tiép cho kénh vo
tuyén Chuyén tiép hai chéu MIMO-PNC.
lI.L1. L wa chon nat chuyén tiép dwa trén gia tri
riéng (Eigenvalue) dia kénh

Y tuong aia lya chon nGt Chuyn tiép nay dra trén
gia ti riéng xuit phéat tr thyc % rang trong cac &
thdng MIMO tri riéng @ia ma tan kénh laduoc xem
nhu 14 do loi nang krong aia kénh [11,12]. Kt qua la
kénh ma cé gia trriéng bn hon £ ¢ d6 lgi nang
lugng hon. Gia ti riéng cia kénh H* 1a giai phuong
trinh dac treng sautay

det(H™ —N\I) = 0, ©)

Trongdo I la mjt ma tén cang N x N va det(')
la da thrc dac trung aia ma tén dugc hinh thanh &i
H” —XI. Ma tan H” la mpt ma tén phic
(NxN) &£ c6 N gia ti riéng khac nhau. Man
H" xem xéts day c6 dng (2x2) 8 cé 2 gia ti
riéngdugc cho hi:

4T V-1, $ 10 (30), thang 12/2013

\/ hab hab

2

hab hab hlalbhzaj habhab )

127721

N =

(10)
D¢ c6 dugc CQI thi mdi nGt Chuyn tiép & dau
tien € Iya clon \* :min(Xf’;) va saudoé tinh
cQIf =\
gia tri riéngduoc tom &t ¢ dang pseudocode (MAa)i
nhue trong king 1.Diéu cha y &ng Wi truong hop &
ang-ten bn (N > 2), viéc tinh toan gia trriéng nhr

. Thuat toan fra clon max-min da trén

trong cong tirc (10) la khéng con chinh xac va \iyv
phai sir dung cac that toandé tinh gia ti riéng dia ma
tran bic cao.
Bang 1. Thuit toan Lra cton nat Chuyn tiép dra
trén gia ti riéng (eigen value)i@ kénh

Input: K, H*
for k=1to K
Tinh X} theo (10)
Lua clon \* = min {xl’;}
tinh CQI, = X\*
Lva clon k = arg m?X{CQIk}
end for .
Output: natk la chuyén tiép r

111.2. L wa chon nat chuyén tiép theo chidn cia véc-
to kénh (channel norm)

Y tugng chinh da thuit toan nay latanh giado loi
kénh MIMO cho Chu$n tiép hai chéu. Tiéu chi &
dung dé danh giado loi kénh MIMO la chién (norm)
cia ma tan kénh [9,10]. Thét toan nay @ng dugc
ma& rong cho teong hyp ké&nh Chugn tiép hai chéu,
chi sb CQI rongrng Wi nGt Chuyn tiép & duoc cho
bai cdng thrc sau:

2
[}

trongdé HH“z bi¢u dién chuin Frobeniousita H .

CQI, = min {HHk (11)

K = arg m?X{CQIk} (12)
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NGt Chuyén tiép 6t nhit s3 duoc lya chon theo
coéng thic (12). Chi tét thuit toan fra cton nat
Chuyén tiép theo chén cia véc-b kénh ¢ dang
pseudocode (ma®iduoc trinh bayy Bang 2.

Bang 2 Thuat toan lra cton ndt Chugn tiép theo
chuin aia véc-t kénh (channel norm)

Input: g g
for k=1to K
tinh CQI, theo (11)
Lva clon k = arg m?X{CQIk}
end for

Output: n0t « 1a chuyn tiép r

l11.3. L wa chon nat chuyén tiép theo tiéu chiin
trung binh hai hoa (harmonic mean)

Trong twong hyp ndy cac nat Chiy tiép € sir
dung trung binh hai hoa (harmonic mean) thaninph
bién do cuia kénh lam tiéu chivh cton [9,10]. Thit
toan ira ctpn dra trén @c dai hda trung binh hai hoa
ciing c6 té duoc mo rong cho torong hop kénh Chugn
tiép hai chéu. Mdi nit Chuyn tiép ton tai mot lién két
nhe Hinh 2. K&nh MIMO trén it lién két cé chira 2x2
kénh thanh pin. Vi vy, trung binh hai hoana do loi
kénh trong trong hop nay € duoc tinh nhr sau:

(13)

Dya trén chsd chit lugng kénh trugn nay va cong
thirc (12), c6 th biéu dién thuit toan tra chon nit
Chuyén tiép theo tiéu chin trung binh hai hoa dang
pseudocode nhBang 3.

Bang 3. Thuat toan lra clon nat Chugn tiép theo
tiéu chun trung binh hai hoa

K, Hz‘k
k=1to K
tinh CQI, theo (13)

Lva clon k = arg m?X{CQIk}

Input:
for

end for

Output: nitk |a chuyn tiép r

4T V-1, $ 10 (30), thang 12/2013

IV. KET QUA MO PHONG
IV.1. M6 hinh m6 phéng

Dé chirng minh bi thé caa cac that toan trénddi
v6i md hinh kénh Chun tiép hai chéu MIMO-PNC,
chung t6i c6 thc hién khdc nhau mé @img Monte-
Carlodé cé duoc BER trung binh. Trongi€h kin mé
phong dau tién, ching téi s dung mdt md hinhdon
gian voi ba nat, &c 1a 2 nat Cwi va 1 nat Chugn
tiép. Bé lya chopn nit Chugn tiép, ching téi gi dinh
rang c6 hai nat Chun tiép trong ving ph séng éa
2 nat Cwi. Cac thidt toan Lra chon nat € duoc st
dung dé chon nat 6t nhit 1am nat Chugn tiép. Cac
kénh gira 2 nat Cwi dén cac nut Chun tiép dugc
gia dinh chu anh hrong aia phadinh Rayleigh khéng
trong quan. Cac nit Guduogc trang b mot ang-ten,
nat Chuyn tiép duoc trang b haiang-ten va trugn tin
hiéu BPSK trén hai nhanh song songiny hrgng
symbol trung binhi@ nmdi nit dugc chuin héa laE, .
NGt Chuyén tiép sr dung b két hop ZF, MMSE trong
phan Il (0) & udc lugng tin hgu phét. Tr tin higu udc
lvong nay § dugc ma hoda theo phép anh modul-2
(XOR) hing phrong phap LLR hac Selectiveié phat
quang ba &i hai nat Céi. Trong md plng thr hali,
chang téi & dung Mt mé hinh rong tr nhung t $6
E/N 1a & dinh, trong khi 6 lugng cac nut Chun
tiép ting Iéndé phan tich Hiu qua cua viéc lya clon Mot
nat Chuyn tiép tir mot s lwong lon c&c nat. Trongdit ¢
cac mo phing, BER da trong hyp khdng tra clon nat
[1] ciingduoc \& léndé so sanh.
IV.2. Phan tich hiéu suit

Hinh 3 va Hinh 4 so sanhéhisuit BER trung binh
thu duoc aia cac thét toandé xudt so \6i truong hop
khéng Lra cton ndt ma [1]dé xuit trong md hinh
MIMO-PNC gr dung tach ZF (LLR va Selective).

T Hinh 3 va Hinh £hlingta thiy ré rang ba that
toan duoc @& xuit c6 héu suit BER ©t hon trong
truong hyp khong tra cton nat ma [1]da dé xuét, tai
tat ca khu we E /N thap, va E /N cao. G thé, tai

BER =10~ thuit toandé xuit lya clon nat Chugn
tiép dra trén gia trriéng @a ma tan ké&nh co it b
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E/N tt hon 5dB (s dung tach ZF-LLR) va6dB  Stat BER ot hon trong tmong hyp khong ira cton nat

(sir dung tach ZF-Selective) trong khi thtutoan dé ma [1] da d¢ xuat, tai tat ci khu wc E/N thap, va

xuat dya trén chan cia véc-t kénh va trung binh hai £ /N cao. G thé, ai BER =107 thuit toan dé
hoa di thiér? dat,du’qc 1dB. RO rang khimg cach gia 4t lva clon nGt Chugn tiép dea trén gia tr riéng
thuat toandé xuat lya chpn nit dra trén Eigenvalue la " o 2 . .

- ° xual wa o - 9 ciia ma tin kénh coitsy £ /N, tét hon 2dB (sr

|én hon nhiéu so i cac thidt toandé xuit con hi.
dung tdch MMSE -LLR) va khing 3,3dB (st dung

10 2 Z
---------- —k— ZF based MIMO-PNCI(LLR) with Eigen based rel lecti A - 1 i A A A
__________ 27 bt MMO-PNGILRy wih Homass s kst tach MMSE-Selective) trong khi thutoan de xuat

2 O PACILE W o base ey sl dya trén trung binh hai hoa (Harmmean) thi¢n

dugc 1dB (st dung thch MMSE-LLR, Selective).

Thuat toandé xuat dya trén chéan (norm) @i thién lan
luot 12 0,5dB (s dung tach MMSE-LLR) va0,8 dB

Bit Error Rate
5,

10 T x : r -
. —— MMSE based MIMO-PNC(LLR) with Eigen based relay selection
10 —&— MMSE basad MIMO-PNC(LLR) with Harmmean based relay selection
—p— MMSE based MIMO-PNC(LLR) with Nerm based relay selection
—e—MMSE based MIMO-PNC(LLR) with no relay selective [1]
10 1 : '
1] 5 10 5 20 25 30

Es / No [dB]

Hinh 3. Phim chit BER aia mé hinh MIMO-PNC da
trén ZF (LLR) cho céc trong hyp lya chon nat khéac
nhau va khéngua clon nat, 2 nat chn 1

Bit Error Rate
=

11| =#=ZF based MIMO-PNC(Selectiva) with Eigen based relay selection
—a—7F based MIMO-PNC(Selective) with Harmmean based relay selection
—p— ZF based MIMO-PNC(Selective) with Norm based relay selection
—e— 7F based MIMO=-PNC{Selective) with no relay selection [1]

. i i i i i
107 E e 0 5 10 15 20 o5 30
Es/No[dB]

Hinh 5. Phim chit BER aia mé hinh MIMO-PNC da
trén MMSE (LLR) cho cac trong hyp lya chlon nat khac
nhau va khéngda ctpn nat, 2 nat cbn 1

Bit Error Rate
5

107 ol s —— MMSE based MIMO-FPNC{Selective) with Eigen based relay selection
—&— MMSE based MIMO-PNC{Selective) with Harmmean based relay selection
S N —p—MMSE based MIMO-PNC(Selective) with Norm based relay selection
€dn —e— MMSE based MIMO-PNC(Selective) with ne relay seleetive [1]
) . ‘ . . 10- N
10 [4] 5 10 15 20 25 30
Es / No [dB]
Hinh 4. Phim chit BER aia md hinh MIMO-PNC da :
trén ZF (Selecttive) cho caartmg hyp lva chon nat g 10
khac nhau va khénwa clon nat, 2 nat cbn 1 =
Hinh 5 va Hinh 6 so sanhéhistit BER trung binh .|
thu duoc cia cac that toandé xuat so i truong hop
khéng tra cton nat ma [1]dé xuit trong mé hinh 5
MIMO-PNC sr dung tich MMSE (LLR va Selective). 7 5 i 5 20 2 )
. . . TN A , Es/No[dB]
Hinh'5 va Hinh 6 chang taay 16 rang ba thit toan  pyiny 6, pRim chit BER dia mé hinh MIMO-PNC da
duogc dé xuat (Eigenvalue, norm, Harmmean) c&uni trén MMSE (Selective) cho caarting hpp lva chon

nat khac nhau va khéngd clpn nadt, 2 nat con 1
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Trong hai plrong phap tach tin &u (ZF, MMSE) Hinh 7, Hinh 8, Hinh 9 va Hinh 11 chdng t6i minh
ching ta thy pheong phap tich MMSE cho pim  hoa hiéu suit BER aia ba thdt toan thu duoc
chit BER %t hon so \6i phuong phap tach ZF khiis tai £ /N,= 10 dB, 20 dBddi véi trudong hpp & nut

dung thuit toan lra clon nat Chugn tiép dya vao trung giantng ai 1An hrot bing 2.3,4,5.6. CO tré

chuan (norm) hay trung binh hai hoa (harmmean), co?] ba th hi th I
thugt toan lra clon ndt Chuygn tiép dea VAo gid tr thiy ring trong ba thit toandé xuat thi thiit toan tra

riéng @ia ma tén kénh cho pim chit BER din nhr C:En EUt (Aig:alfre: gia n,rrling lea ma t'ﬁd? kerjh &t
giéng nhau cho & hai phiong phap tach ZF hay " t, ké dén la thuit toan fra clon nat dra trén trung

. o _~ binh hai hoa (harmmean)ix kénh va cdi cung la
MMSE, a3 thé xét 5 /N,= 30 dB & cac Hinh 3, Hinh thuit toan Lra cton nat dra trén chén cia ma tén
4, Hinh 5 va Hinh 6 gim chit BER = 1,5x10*. kénh (channel norm). Tuy nhiémong tr nhr [10,11]
Pidu nay kha thd vkhi sir dung phrong phap tach ZF diéu thi v Ia viéc ting $ lugng céc ndt Chugn tiép
ching ta chcin biét thong tin tang thai & kénh khongdat duoc ai thign tot hon, dieu nay da dugc
truyén, trong khidé phrong phap tach MMSE ngoai 9idi thich trong [10]. Bén ah do, diéu nay @ing co
théng tin tang thai kénh tru§n ching ta con pihbiét  the 1a do thic t suy haaduong truyén da khéngdugc
phrong sai a tap am. tich hyp vao mé hinh kéniiéu nay vin ¢in cé nhing
; khao sét théndé danh gia.

10 T T T
=P— ZF hased MIMO-PNC{LLR) with Norm based relay selaction, Eb/Mo=10dB
=0 ZF baged MIMO-PNC(LLR) with Harmmean based relay selaction, Eb/No=10d8
—se— ZF based MIMO-PNC(LLR) with Eigen based relay selection, Eb/No=10dB .‘0-‘
""'| —m— ZF basad MIMO-PNC{LLR) with Norm based relay selaction, Eb/No=20dB ; " — - .
2F based MIMO_BNG(LLR) with Hammean based reiay selacton, EbNo=20d8 —b—MMSE based MIMO-PNC{LLR w!th Norm based relay selection, Eb/No=10dB
! —»— ZF based MIMO-PNC(LLR) with Eigen based relay selection, En/No=20dB —0—MMSE based MIMO-PNC{LLR) with Harmmean based relay selection, Ea/No=10dB

—»—MMSE based MIMO-PNG{LLR] with Norm based relay selection, En/No=20dB
—a—MMSE based MIMO-PNC{LLR) with Harmmean based relay selection, En/No=20dB
——MMSE based MIMO-PNC({LLR) with Eigen based relay selection, Eb/No=20dB

)
)
—#—MMSE based MIMO-PNC(LLR) with Eigen based relay selection, Eb/No=10dB
)
)
)

-3

10 1 1 1

2 3 4 5 -]
Mumber of candidate nodes

Hinh 7. PHim chit BER aia cac that toan chn nt theo ] ; : 5
S0 nuteng ar trong trong hyp tach ZF (LLR) 07 3 1 3 5

; Mumber of candidate nodes
Hinh 10. Pham chit BER aia cac thét toan clon nit theo
| e e sb nitang ai trong trong hop tach MMSE (LLR)

== ZF based MIMO-PNC(Selective) with Eigan based relay selsction, EbNo=10dB

—p— ZF based MIMO-PNC(Selactive) with Narm based relay selaction, Eb/No=20d2
—&— ZF based MIMO-PNC(Selsctive) with Harmmean based relay sslsction, EbNo=20dB

b | e ZF bmsed MIMO-PNCiSelective) it Eigen bissed relsy sslscion, b No=2048 Tu cac iét qLﬁ mo pl’éng co tl’é théy réng th[_ﬁt
toan ira cton nat dra trén gia trriéng mangdi hiéu

\\*\‘\_q qua tét nhit, ké dén 1a thuit toan dra trén trung binh
2 1  haihoa, va cbi ciing la thgt todn dra trén chan aia
: ma tén kénh.Diéu nay co th dugc giai thich théng
— ' R qua y nglia do loi kénh dia gia ti riéng kénh trugn.
Lya chon kénh i tri riéng bn nhit twong trong Wi
X 5 kénh c6dé loi lon nhit va vi \dy mang i phim chit
: —*’"""'hh"“" BER 1t nhit. Thugt toan trung binh hai hoarst tro
Hinh 8. Pham chit BE;mggcéngdgmtﬁ;; toan clon nit theo S0 \ol ChLﬁn mg tan do tranhdugc truc‘Jrn'g fop mot
s nitiing ar trong tuong hop tach ZF (Selective) trong hai cling ki anh hrong lon aia phadinh.
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