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Toém tat:

Hé thong MIMO — STBC duea trén tong quat héa so do Alamouti da dwoc iing dung rat nhiéu trong
thue té do cdc wu thé ciia chiing vé d¢ réng bang, ma héa va giai ma don gian, dat c'z‘u‘oc tang ich phan tap
ddy dii véi xir Iy tuyén tinh o may thu hodc thich hop voi cac may di déng nhé gon rat khé thiec thi nhiéu
ang—ten e nghién ciru nhiéu trong diéu kién moi trieong tuyén tinh. Ngay ca vigc danh gia tac dong phi
tuyén gay boz bg khuéch dai cong sudt (HPA: High Power Ampllﬁer) d0i voi hé thong cing da d‘u’oc dé cdp
trong mot 50 cong trinh [11], [12] nhung viéc xdc dinh moi quan hé cu thé cia tham sé phi tuyén véi cdc
tham s6 hé thong thi chwa dwoc chi ra. Bai bdo nay dira ra cong thirc thwe nghiém cho phép tinh nhanh
tham s6 suy giam ti s6 tin hiéu/tap dm SNRD ciia hé thong theo tham sé heong thiét hai khodng cdch dd ciia

cdc bg khuéch dai cong sudt trén hé thong MISO 2 x1 STBC.

Tir khoa: HPA, MISO, MIMO, STBC.

1. Mé& diu

Khi nghién ctru cac hé théng MIMO, nham
thuén lgi cho qua trinh phan tich va lam ndi bat cac
wu thé cua cac hé théng nay, bd khuéch dai cong
suat HPA thuong dwoc gia thiét hoat dong trong
ving tuyén tinh. Diéu gia thiét nay khong phu hop
v6i thuc té, dac biét khi HPA hoat dong ¢ ving cong
suét trung binh va c6ng suat cao vi khi do HPA gy
ra méo phi tuyén gdbm méo bién do va méo pha
d6i véi tin hiéu phat co thé dan téi mo rong phd
tin hiéu gy nhiéu kénh lan can va nhiéu tac dong
khéc nhu 1am ting tap 4m phi tuyén trong bang, lam
mop dang chom sao tin hiéu voi diéu ché M-QAM
(M-ary Quadrature Amplitude Modulation) va gay
ISI phi tuyén. Do d6, can phai tinh dén anh huéng
ctia méo phi tuyén gy boi cac HPA.

Trong hé théng don ang-ten, don soéng mang
sir dung diéu ché bién do cau phuong M_QAM, viée
wée lwong anh hudng phi tuyén cua HPA da dugc
thuc hién trong [3], cac tac gia da su dung nhiéu
bo khuéch dai HPA thyc té khac nhau dé mé phong
danh gia anh huong méo phi tuyén trong hé thong
16-QAM. Két qua la da dua ra duge cong thire kinh
nghiém dé tinh toan SNRD & BER = 5.10* (BER:
Bit Error Rate) theo tham s do lui cong suit BO
(Back-Off). Thuc te cung gia tri BO nhu nhau, cac
HPA c6 cic dic tuyén cong tac co thé kha khac nhau
nén c6 anh huong phi tuyén khac nhau. Két qua
mo phong cling da xac dinh dugc cong thic thuc
nghiém vé mdi quan hé giita SNRD do anh hudong
riéng cua bo khuéch dai cong suit va dd & cac gia
tri BER khac nhau trong cac h¢ théng 16-QAM, 64-
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QAM va 256-QAM lan luot trong [4], [5], [1]. Cu
thé, cac cong thure thyc nghiém dat dugc co dang:

SNRD = a.dd? + b.dd [dB] @)
trong d6: a, b: 14 cac hang sb d tim ra dwoc qua mo
phong h¢ thong vai mot loat HPA thuc té. Trong cac
cong trinh khao sat anh huong cua méo phi tuyén
gdy boi bo khuéch dai cong suat trong cac hé thng
MIMO, v6i tham s khao sat 1a BO [11], [12] ciing
chua dua ra dugc cong thirc thyc nghiém dé xac
dinh nhanh mbi quan hé giira tham s6 phi tuyén va
tham sb khao sat cua hé théng. Vén dé dugc dit ra
1a tham s6 dd c6 thé dung dé udc lugng anh hudong
riéng ctia méo phi tuyén gay bai HPA nira hay khong
cho cac h¢ thong MISO hay MIMO? Do vay, trong
bai bdo nay chung ti tién hanh khao sat nhiéu bo
khuéch dai cong sudt véi cac gia tri BO khac nhau
nham kiém tra tinh kha dung ctia tham s dd trén hé
thong MISO 2 x 1 STBC va dua ra cong thirc thyc
nghiém dé tinh nhanh SNRD theo tham sé dd cho
cac HPA di khao sat. Ngoai ra, chung t6i tién hanh
so sanh muc d6 anh huong riéng ctia méo phi tuyén
va diém lam viéc t6i wu cia HPA trén hai hé thong
SISO va MISO 2 x 1 STBC.

2. M hinh h¢ thong va tham s6 dd

A. M6 hinh hé thong

Gia st ¢co he thong phi tuyén MISO nhu
trong hinh 2 véi sb ang-ten phat n,=2va 5O ang-
ten thun, =1, chi c6 tdc dong cta tap 4m cong tring
chuan (AWGN Additive White Gaussian Noise), b
loc & phia phat va thu 1a cac bd loc can bac hai cosin
nang (S-RRC: Square Root Raised Cosine), T: chu
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ki ctia ma trdn truyén dan STBC. Tin hiéu thu duoc
dugc theo mod hinh trén véi mot khung dir liéu co
thé biéu dién nhu sau:

Y=S+N, 2)
v6i Y la ma trén tin hi¢u thu dugc n, <7, S biéu
dién ma tran symbol tin hiéu phat n, x 7, N 1a ma
tran nhiéu n 2 <T gdm cac phan tir 1a phan bd Gauss
phirc doc 1ap, dong nhat v6i nhau va khong twong
quan v&i cac symbol phat. Bo ma hoa khdi truc giao
STBC dung dé phat R ki hiéu dau vao phirc trong
khoang thoi gian 7'nén ti I¢ thong tin tir ma dat dugc
la: R = R/T.

B. M6 hinh bé khuéch dai cong sudt HPA
HPA dugc md hinh héa nhu mot kénh phi
tuyén khong nhoé va dugc mo ta bang cac duong dac
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tinh AM/AM va AM/PM [9].
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Theo mé hinh nay, néu biéu didn symbol tin oapr
hiéu dau vao theo toa d6 cuc nhu sau: P = 1+ 8,77 (6)

s =re/’ 3)
v6i r va 6 lan luot 14 bién d6 va pha tin hi¢u di vao
HPA, j2 = —1 thi symbol ¢ dau ra HPA c6 thé biéu
dién:
S = A(r)eitvel 4)
A(r) va ¢(r): 1a cac bién dieu AM/AM va
AM/PM tuong ung dugc xac dinh theo mo hinh
Saleh [7]:

A(r)=—22"
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trong d6 o, B, va , ,b’p 1a cac cap tham sb cia
rqé hinh Saleh dugc xac dinh b?ng thuét toan sai
sO0 trung binh binh phuong t6i thiéu (MMSE:
Minimum MeanSquare-Error) v6i cac sb liéu do
duoc tir cac bd khuéceh dai cong suét thyuc té. Tén
goi cac b khuéch dai cong suat HPA267, HPA1371
va HPA 1373 duoc lay theo tai lidu [1].

Dé cho don gian trong viéc tinh toan va mo
phong, gia su cac HPA trén cac nhanh phat c6 cung
dac tinh phi tuyén. Khi d6, dang tin hi¢u MISO 2
x 1 STBC trong diéu kién c6 HPA phi tuyén c6 thé
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duoc biéu dién lai nhu sau:

=S +N, (7)
véi S biéu dién ma tran tin hiéu phat da bi méo khi
di qua HPA. Phia thu sir dung bo két hop Alamouti
[12] va bo tach tin hiéu téi wu MLD (Maximum
Likelihood Detector) [6]:

S= args{minHY—S”} (8)

Dic tinh phi tuyén cia HPA ciing dwoc mo
ta bang nhiéu tham s6 khac nhau nhu céng suat bao
hoa, diém nén 1 dB... trong d6 cac bién diéu AM/
AM va AM/PM la tham s6 sir dung phd bién hon
ca. Cac bién diéu nay dé dang duoc xac dinh va
thuong dugc cho bai nha san xuét theo cac duong
ddc tinh cta suy giam tang ich AG va méo pha A,
cac duong ddc tinh nay 1a ham cua cong sudt dau
ra. Tuy nhién, rat kho dé dua tat ca cac tham sd trén
vao viéc tinh toan tryc tiép BER hodc SNRD giy
boi méo phi tuyén cia hé thdng. Do vdy, mot tham
s6 m6i dd hay con goi la tham sd luong thiét hai
khoang cach, da dugc dé xuat cho méo phi tuyén
gay boi HPA [4]. Tham s6 dd dugc xéc dinh theo su
suy giam trung binh khoang cach gy bai cac bién
diéu AM/AM va AM/PM ddi véi tat ca cac diém tin
hiéu. Tham s dd 1a lugng thiét hai cua khoang cach
tir diém tin hiéu t6i bién quyet dinh gan nhat gay
boi tac dong gy dich chuyén cac diém tin hiéu trén
gian d6 chom sao, tinh trung binh trén toan tap tin
hiéu. V&i mot bo HPA va véi mot do 1ui cong suat
dinh BO, da cho, dd c6 thé xac dinh dé dang duogc
nhu sau:

« Tir cc ddc tuyén AG(P, ) va AD(P, ) clia
b6 khuéch dai cho boi céc nha san xudt va tir gia tri
do lui cong suat dinh BO,, xac dinh cac gia tri AGij
vaAD, d6i voi timg vi tri tin hiéu [4,/] trén chom sao
tin hiéu

(i,j=1,2,..., ¥ M /2).Nho vay xéac dinh duge
chom sao bi méo g@)m céc diém tin hiéu maoi, bi dich
khoi vi tri tiéu chuén do tac dong cua AG,»] va ACI)I.].;

« Do tinh d6i xtmg ctia chom sao tin hiéu
M-QAM nén chi can tinh dén mot gbc phan tu cua
khong gian tin hi¢u;

« Cong suét cta tin hidu QAM c6 cong suét
16n nhat, tirc 1a cong suét dinh cua tin hiéu QAM,
dugc x4c dinh theo Py /o a7/ = P —BO,
trong d6 P la cong sudt bao hoa cuia HPA, x4c dinh

PPcak =

duoc tai diém guc. ctia dic tuyén AM/AM Tu day
c6 thé xac dinh dé dang cong suét tuong ung cua
cac tin hiéu P con lai néu coi tin hiéu 16i vao cua
HPA 14 c4c tin h1@u NRZ nhiéu mirc;

« Déi voi timg tin hidu [7, /] trén chom sao tin
hiéu bi méo, xac dinh bang hinh hoc khoang cach
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nho nhit d. tu diém tin hiéu t6i bién quyét dinh gn

nhét. Thlet ha1 khoang cach ddi vai tin hiéu [7,/] 1a
dd, =1-d, ;

« Tham sb thiét hai khoang cich cia bo
khuéch dai 1 gia tri trung binh cua thiét hai khoang
cach tinh trén toan tap tin higu, tirc 1a:

4 VM /2

2. dd;; 9)

ml

dd =47

Viéc sir dung tham s dd cho phép so sanh
céc bo khuéch dai khac nhau thudc cac chung loai
khéc nhau, bat luan 1a cac b khuéch dai d6 c6 hay
khong ¢6 méo trude. Sir dung tham sé nay, theo cac
cong thirc gan ding x4c dinh theo 16i kinh nghiém
thong qua md phong nhidu bd khuéch dai khac
nhau, voi nhleu gia tri BO, khac nhau, ngucn ta co
thé tinh tryc tiép anh huong ctia méo phi tuyén gay
b&i bo khuéeh dai cong sut toi chét lugng hé thong.

3. Cac két qua

Chung t6i tién hanh mo phong véi cau hinh
hé thong SISO va MISO 2x1 STBC: tin hi¢u diéu
ché 16-QAM, sé symbol md phong: 10000, bo loc
cin bac hai cosin nang & phia phat va thu: tré nhém
(Delay Group = 10) he s6 udn loc (Roll off factor
=0. 35) tan sb lay mau du vao (F,= 1) tan sb
1ay mau dau ra (Fg = 8). Cac bd khuéch dai cong
suat voi cac tham sé ciia mo hinh Saleh. Do SNRD
khong phu thudc vao do khuéch dai cua HPA (Von
chi ¢6 tac dung bu tén hao ciia hé théng) ma chi
phu thudc vao dang dudng cong cua bién di¢u AM/
AM va AM/PM vi thé trong qua trinh mo phong hé
thdng bang phan mém Matlab dat tham sb a,=1 dbi
Vi tit ca cac HPA ma khong mat di tinh tong quat.
Riéng hé thong MISO 2x1 STBC ¢6 R =1

* Hé thong SISO:

Mbi quan hé giita SNRD va dd tai BER = 1073
SNRD = 387,15dd? — 6,72dd

Sai s6 wdc luong: 0,14[dB].

Mbi quan hé giita SNRD va dd tai BER = 10°¢:
SNRD = 536,27dd* + 0,77dd

Sai s6 wdc luong: 0,44[dB].

* Hé théng MISO STBC 2 x 1:

Mbi quan hé giita SNRD va dd tai BER = 1073:
SNRD = 1482,7dd* + 44,2dd" + 23,1dd.

Sai s6 wdc lwong: 0,24[dB].

Mbi quan hé giita SNRD va dd tai BER = 10°¢:

SNRD = 369,18dd® + 337,94dd? + 23,27dd.

Sai s6 wdc luong: 0,27[dB].
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Tac dong reng cua meo phifuy en gay boi HPAZET wiBO khac nhau fren SIEO
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Hinh 4. Téc déng riéng ciia méo phi tuyén gdy béi HPA1371 véi BO, khac nhau trén SISO
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Hinh 5. Tdc dong rieng cua méo phi tuyen gay boi HPA267 voi BO, khac nhau trén MISO 2x1 STBC
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Hinh 6. Tdc dong riéng ciia méo phi tuyén gdy boi HPA1371 véi BO,, khac nhau trén MISO 2x1 STBC
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Hinh 7. M6i quan hé gita SNRD va dd trén hé thong SISO va MISO 2 x1 STBC

4. Két luan

Trong bai bao nay, cong thuc thuc nghi¢m
chung duy nhat cho phép udc luong nhanh anh
huong riéng clia méo phi tuyén gay boi cac HPA
da dugc dua ra cho hé théng MISO 2 x 1 STBC
st dung bo diéu ché 16-QAM thong qua tham s6
SNRD va dd. Két qua bai bao cho thay, khi chuan
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hoa cong suat & dau vao nhu nhau thi hé théng SISO
chiu tac dong bai méo phi tuyén gay ra boi cac HPA
it hon so v6i MISO 2 x 1 STBC duoc thé hién rat rd
qua tham s6 khao sat 1a SNRD dong thoi day diém
1am vigc t6i wu cia HPA trén MISO 2 x 1 STBC
xudng thap hon so véi SISO.
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AN EVALUATION OF THE EFFECT OF NONLINEAR DISTORTION CAUSED BY HPA
IN THE MISO 2x1 STBC SYSTEM

Abstract:

The MIMO-STBC system based on the generalization of the Alamouti scheme has been widely applied
in practicing due to their advantages in terms of band width, coding and decoding, achievement in diversity
gain with linear processing in receivers or suitable for compact mobile machines which are difficult to
implement for multiple antennas that have been researched extensively in linear situation. Some evaluation
of nonlinear distortion effect caused by HPA have implemented in [11], [12] but the determination of the
relationship between the nonlinear parameters with system parameters is not specified. This paper provides
an experiment formula for calculating the SNRD (Signal-to-Noise Degradation) according to the dd (dd:
Distance Degradation) in the MISO 2x1 STBC system.

Keywords: HPA, MISO, MIMO, STBC.
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