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TOM TAT

Trong phan tich, thiét ké va danh gia thong M-QAM véi bo khuéch dai cong sudt phi tuyén, viée
uée lugng BER rat phtrc tap va viéc tinh toan giai tich BER d6i v6i cac hé théng nhu vay thudng
1a khong thyc té. Dé danh gia tac dong cua riéng bo khuéch dai cong suat phi tuyén, tham sb do
phi tuyén ciia bo khuéch dai cong suat nhu do 1ui cong suat (BO — Back-Off) da dugc nghién ctru.
Tuy nhién, cac tac gia da kiém tra (bang md phong méy tinh) va két qua cho thay rang véi cac gia
thiét da sir dung chat luong cua hé thdng khong hoan toan chinh xac. Bai bao nay s& dé xuit mot
mo hinh gia dinh, dé c6 thé tinh toan duge mot cach giai tich, don gian va nhanh gidi han trén cua
duong cong ti 18 16i bit BER cua hé théng thue. Két qua da dat dugc mot ) cong thuc kinh
nghiém, chu yéu bing mo phong may tinh, nhiam xac dinh thiét hai ty sd tin trén tap (SNRD —
Signal-to-Noise Ratio Degradation) gy bdi méo phi tuyén ciia bo khuéch dai cong sudt. M6 hinh
gia dinh da dugc dé xuét, tuy vay, lai ¢ chét luong tdi hon hé théng thuc va do d6 chét Iwong cua
n6 co thé sur dung nhu mot giéi han trén cua chét lugng hé théng thure.

Twr khoa: mo hinh gia dinh, hé thé'ng M-QAM, thu tuc tinh toan, gioi han trén cua BER..

Cac nguon gdy suy giam chat luong chu yeu
bao gdm méo tuyén tinh gdy bai cac bo loc ché

M0 hinh gia dinh ciia hé thong

So do khoi ciia mot h¢ thong vo tuyen sO mat

dat M-QAM tiéu biéu c6 thé thé hién lai nhu
trén hinh 1. Cac khi dut nét thé hién céc thuat
toan co thé c6 hodc khong co trong thiét ké. Dé
don gian, cac kh6i AGC, khoi phuc song mang
va khoi phuc dong hd di khong duoc thé hién
chi tiét. Moi dang song thoi gian cua tin hiéu
déu 1a bang gdc hoic la tin hiéu bang goc
tuong duong. Tuong tu, tat ca cac dap mg tan
sO cua cac kh01 déu 1a cac dap ung bang gbc
hoic biang gdc trong dwong.
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Hinh 1. So db khdi tiéu biéu hé thong v6 tuyén sé
M-QAM
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tao khong hoan hao va pha-dinh da duong
chon loc tan sd, méo phi tuyén giy bai bd
KDCS phat, sai 1éch pha song mang va sai 1éch
d(‘3ng hd. Bo loc phu 16i ra bo KBPCS chi duogc
thiét ké dé loai bo phat xa phu (sy mé rong
phd gy boi tinh phi tuyén ciia bo KDCS) va
khong anh hudng téi tin hiéu hitu ich va do do
¢6 thé khong can tinh toi trong cac xem xét &
day. Bang cach két hop a) kénh v tuyén, bd
loc thu va mach san béng trong mot khéi duge
dat lai tén la bd loc thu (Rx. Filter); b) bd méo
trude va bo KBCS trong khdi KDCS (HPA —
High Power Amplifier); va c) bo giai diéu ché
(thuc chat 1a khdi thyc hién thuat toan nhan
loai bé séng mang trong qué trinh giai diéu
ché), mach ldy miu va mach quyét dinh thanh
khéi giai diéu ché (DEMOD), so db khdi cua
hé théng khi nay don gian duoc nhu trén hinh
2a va co thé biéu dién don gian hon nita nhu
trén hinh 2b. Mo hinh gia dinh, trong do6 b
KDCS dugce dit trude bo loc phat véi cac khbi
¢6 cling cac dic tinh nhu cac khdi trong mo
hinh thyc té (cac bo loc co cung hé s6 uébn loc,
b6 KDCS c6 cung do lui cong sudt dinh
BOkp...) duoc mod ta trén hinh 2c¢.
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Hinh 2. a) So d6 khoi don gian ctia hé thong;
b) Bo KDCS nam kep giira cac bd loc phat va thu;
¢) M6 hinh gia dinh

Trong [3, 4], cac tic gia da chi ra rang chat
luong cia hé thdng theo md hinh gia dinh
kém hon chét lugng cua hé théng thuc va do
vay co thé st dung dugc nhu mdt gidi han
trén ctia chit lugng hé thong thuc. Ly do ¢
thé giai thich dugc mét cach vén tit nhu sau.
Ta di biét rang do phi tuyén ciia bo KDCS va
su suy giam chat luong hé théng (nhu SNRD
ching han) phu thudc vao cbng suét trung
binh cta tin hiéu 16i vao b KDCS. Tin hiéu
16i vao bo KDCS trong mé hinh gia dinh hinh
2c 1a tin hiéu NRZ song tin hi¢u 16i vao bo
KDCS trong h¢ thong thuc (mo hinh hé thong
hinh 2b) lai 14 tong cac dap ung xung cta bd
loc phat. Khi tinh dén ca sy vot dinh
(overshoot) giy boi bd loc phat, gia tri tong
cong 16n nhét cua tin hiéu 16i ra mach loc
phat trong hinh 2b 16n hon nhiéu gia tri 16n
nhét cua tin higu 16i vao bo KDCS trong hinh
2c. Piéu nay c6 nghia 13 voi cing mot gia tri
d6 Iui cong suat dinh BOp (Peak Back-Off)
cua cac bg KPCS trong ca hai mo hinh, cong
suét trung binh cua tin hiéu cua tin hiéu tai 16i
vao by KDCS trong moé hinh 2b nho hon
nhiéu so voi trudng hop trong md hinh gia
dinh 2c. Xét vé pha, viéc dich chuyén cia cac
diém tin hiéu trung binh trén mat phang pha
(trén biéu dd chom sao tin hiéu thu) trong mo
hinh gia dinh manh hon so véi trong mo6 hinh
hé théng thuc, do vy giy nén SNRD 16n
hon. Tat nhién, trong m6 hinh hé théng thuc
té thi bo KDCS lai gay nén ISI 16n hon so véi
trong md hinh gia dinh song gifta anh hudng
t6i chat lwong hé thong cua cac dich chuyén
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diém céc tin hiéu 16n va anh huong gdy ISI
thi anh huéng cta sy dich chuyén cic diém
tin hiéu troi hon. Két luan nay da duogc kiém
tra trong [10] bang mo phong may tinh d6i
v6i mot s6 bd KDCS va mot s6 gia tri BOp
khac nhau.

Phén tich mo hinh gia dinh dwéi tac dong
dong thoi ciia méo tuyén tinh va méo phi
tuyén, sai 1éch dong hd va sai léch pha
song mang

So d6 khéi ciia hé thong M-QAM theo md
hinh gia dinh duoc trinh bay trén hinh 3. Di
lidu 16 vao 1a chudi cac gia tri dit liéu phirc M
mirc {Cy} v6i Kk 1a chi s6 khe thoi gian cua
symbol. M&i mot symbol C, dwogc iy tir mot
bang chit cai M diém {y,} (la chom sao tin
hiéu phat), m =1, 2,..., M. Symbol C, c6 thé
biéu dién theo: Cy = ay + jbk, trong d6 a va by
lan luot 1a cac thanh phan dong pha va vuéng
pha cua symbol C,. Cy ciing co thé biéu dién
dugc dudi dang véc-to:

Cy= {ak]ak, be=+1, 43,.... £(v/M -1) (1)

k
Tai thoi diém ldy maiu, tai 16i ra mach liy

mau, tin hiéu nhan duoc 1a tap {Ck } voi C

a, +jb va biéu dién dugc ¢ dang véc-to:

E:;ﬁ )
b,
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Hinh 3. So dd khéi hé théng theo mé hinh gia dinh

Tai 16i ra mach diéu ché, tin hiéu c6 dang:
s(t)=>[a.et—KkT)+ jbet—kT)] 3
k
Trong d6: T 1a khoang thoi gian mot symbol, con

0 te[-T/2,T/2]
O dang véc-to, s(t) co thé biéu dién theo:
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S

a

s(t) = ()

b
trong do: s =>"a &(t —kT) va
k

s, = b, (t—KT) (6)

Dbi vai cac tuyén vo tuyén sé mat dat voi do
rong bang thong thong thuong (BW < 40
MHz) by KDCS c6 thé xem nhu mot khéi phi
tuyén khong nhé [2] md ta boi cac dic tinh
bién diéu diéu bién-didu bién (AM/AM
conversion) va bién diéu diéu bién-diéu pha
(AM/PM conversion), khi d6 tin hiéu 16i ra
cia bd KDCS c6 thé biéu dién boi véc-to

Wal, trong do:
Wb

[a, +A,(a) et —KT)
[b, +4,(b,)]e(t—KT)

(")

W, =

>
z

Aq(aw) va Ax(bi) lan luot 1a cac lugng méo phi
tuyén cia phan thuc va phan 4o cua tin hiéu,
gdy bai cac bién didu AM/AM va AM/PM va
phu thudc vao cac dac tinh AM/AM va AM/PM
cua bd KDCS ciing nhu va symbol Cy. Pap tmg
xung téng cong cua cac mach loc phat va thu
duoc dinh nghia la h(t) = hq(t) + jhs(t) va tin hiéu
tai 16i ra mach giai diéu ché la:

y(©) = w(t) *h(t) +n(t) (8)

Duéi dang véc-to va ma tran, y(t) c6 thé biéu
dién duoc theo:

a +A (a n
y(t): ya :th k 1( k) + c (9)
Yo | % Lo +A,(B)] [N
Trong d6 y(t) =y, (t) + jy, (t) va c6 thé biéu
dién dudi dang véc-to nhu bén vé trai cia (9), con

hge N A
hy =h (t —KT)

A
hk:[“ck ‘hsk} g =h@t—kT),  (10)

tap 4m n(t) = n(t) *h, ) =n, () + in,©
mdt quéd trinh ngau nhién bang hep va co
thé biéu dién dugc dudi dang véc-to nhu
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bén vé phai cua (9), hg(t) 12 dap Gmg xung

cua bo loc thu.

Khi ¢c6 méo tuyén tinh, h(t) co thé biéu dién

duoc theo:

h(t) =c(t) + Ah(t) = c. (t) + jcg (t) + Ah. (t) + jAhg(t)
(11)

Trong do c(t) i Ce(t) + jes(t) 1a dap ung xung
cua h¢ théng voi truong hop khong c6 meo
phi tuyén va méo tuyén tinh, nghia la c(t) thoa
man tiéu chuan Nyquist thir nhat:

oft) = { 0 (12)
0, t=kT,k=0
con Ah(t)=Ah, (t) + jah, (1 (13)

Dudi dang véc-to va tir (12) ta co

C, —C 10 00

c, :[Ci C:},CO(O) :{0 J,Ck(O) :{0 O}VK #0
(14

Duéi tac dong ddng thoi ciia méo tuyén

tinh, méo phi tuyén va sai 1éch ddng ho, tin

hiéu 16i ra cua thiét bj 1y mAu tai thoi diém

lay mau ddi v6i symbol thtr 0 c6 thé biéu

dién dugc theo:

g, (@) a, +A)] [n.()
[EJ n© )[b A(b)} 3 “(5){ A(bj{ns(&)}
(15)

Trong d6 & 1a sai léch dong ho tinh va dau
phay ding sau ddu T nghia 13 s6 hang véi k =
0 can b qua trong tong. Thuc ra, sai léch
dong hd 12 mot qua trinh ngdu nhién va tai
thoi diém 1y mau ddi véi symbol thir 0 thi sai
léch ddng ho thyc té 1a mot bién ngau nhién,
song dudi tac dong cua bd khoi phuc ddng hd
trong trang thai xac lap thi né thuong duoc
giit cho nho hon sai léch dong hd tinh. Viéc
tinh voi sai 16ch ddng ho tinh nhu thé s& dan
dén BER uéc luong duoc trong trudng hop
xau nhét cua sai 1éch dong ho.

Trong (15), ma trdn dap ung xung tai thoi
diém ldy mau c6 thé biéu dién duoc & dang:
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o (6) —hg (6)
h(8)=| *
k( ) { sk(5) ck(é‘)}

{Cck (0) + ACck + Ahck (5 )
Cok (0) + Acgy +Ahy (6)

- [Csk (O) + ACsk + Ahsk (5)]
Cex (0) + Acgy +Ahy (6)
(16)
Trong d6 Ac = Cek(0) — Cek(0) Va Acg = Cx(0)
— ¢x(0), Ahg(0) va Ahg(3) 1a Ahq(t) va Ahy(t)
trong (13) doi vai khe thoi gian symbol thir k,
lay tait = &,

Thay (16) vao (15) va dé y rang theo (14) thi
Ceo(0) = 1 va cg(0) = 0, cw(0) = c(0) =0, ta
duoc:

[‘?0} _ {hco(ts) —hgg (5)}{30 +M(ag )} N

by hso (6) heo (8) | bo + A5 (o)

iy [hck (0)  —hg (5)}[% + A (ay )}r[nc (5)}
K LNhs(9) ha (8) | b + A2 (b )] [ns(5)

1+ ACeo + AN (8)  —[0+Acgg + Ahgg ()] T ag +Aq(ag)
0+ Acgg + Ahgy (5) 1+ Acgg + Ahgg (8) || by + A5 (bg)

.[Acck +Ahg () —[Acg +Ahg (‘”]}[z’lk +Aq(ay )} N [nc (5)}

K [Acg +Ahy (8)  Acy +Ahg (5) | b +A5(b)] [ ns(5)
(17)
Bang cach viét lai (17) ta co:
TS [1 0} ag +A1(ag)] | [Acco —Acs a9 +4q(a9)
~ = + +
by | L0L1]lbo+Ax(bg)| [Acsy Acey | b +Ay(bo)
. [Ahco(‘S) = Ahgy (5)}{30 +4q(ag )}
Ahgy(8)  Ahgo(S) | by + A (by)
‘{|:Acck _Acsk} [Ahck (6) —Ahgy (5)}}[% +A(ay )} |:nc (5)}
> + +
k ([ACsk AC Ahg (8) Ahg(8) JJ[ b +Az(be)] [ ns()
(18)

Cuoi cung ta dugc:

ENE z{iizt st

+

K
oy Ahck 5) —Ahy(6) }{ ay } |:Acck —Acg }{ak}_
+Z’Ahck(5) —Ah (4) }{ak}{ ¢ )}
k Ahsk(é‘) Ahck(é) bk ns((S)
(19)
Trong thuc té thi:
\A (a )\ << A, (b)) <<[o|: ACAl, |AC
|Ahck(c3)| |Ah5k(é)| << 1 nén cac sO

hang thr 3 va thir 4 bén vé phai cua (19) co
thé bo qua dugc. Thém vao do, trong cac tinh
hudng thyuc té thi Ahg(t) = hg(t) — cu(t) va
Ahg(t) = hg(t) — cx(t) c6 cac gia tri kha nho.
Hon thé nita, & thuong ciing kha nho. Nhu
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vdy, chung ta c6 thé gia thiét rang Ahy(5) ~
Ahg(0) va Ahg(8) = Ahg(0). S6 hang thir 6
bén vé phai cia (19) c6 thé thay bang véc-to
ISI gay boi chi riéng méo tuyén tinh. Tir phan
tich nhu trén ta c6 thé két luan rang dudi tac
dong dong thoi cia méo tuyén tinh, méo phi
tuyén va sai 1éch df)ng ho, véc-to tin hiéu thu
tai 16i ra mach 1iy mau 1a mot tong cia 5 véc-
to. Véc-to thtr nhét 1a tin hiéu mong mubn,
véc-to thar hai 1a véc-to dich chuyen tin hiéu
gdy bdi cac dac tinh AM/AM va AM/PM cua
bd KDPCS, véc-to thu ba la véc-to ISI gay bdi
chi riéng sai 1éch dong hd (ttc 1a véi hé théng
¢6 dap Gmg xung hoan toan Iy twong va khong
¢6 méo phi tuyén), véc-to thir tu thi xap xi tot
dugc bang véc-to ISI giy boi chi riéng méo
tuyén tinh va véc-to thir ndm 13 tap am bang
hep duogc 1ay mau. Trong [1, 5], cac tac gia da
chi ra rang ISI giy boi riéng sai 1éch dong ho
trong cac hé thong M-QAM véi mot hé sb
udn da cho « cua cac bd loc phat va thu co
thé 1am gan ding rat tot bang mot bién ngiu
nhién Gauss, ky vong bang khong véi phuong
sai oy ty 1é véi sai léch dong hd 8. Cac ham s6
mo ta quan hé gilta o1 va & ¢6 dang o1 =
a(a).S d6i vai cac hé thong M-QAM véi cac
gia tri khac nhau cia M da duoc trinh bay
trong muc [3]. ISI gdy boi chi riéng méo
tuyén tinh c6 thé xap xi 1a mot bién ngiu
nhién Gauss c6 ky vong bang 0 dbi voi cac hé
théng M-QAM (M > 16) hodc 13 mét bién
ngau nhién phan bd déu ky vong bang 0 dbi
v6i hé thong 4- -QAM [3, 5, 6] va phuong sai
o, clia n6 c6 thé nhan dugc bang mo phong
may tinh, thi du nhu bang phan mém
ASTRAS. Véc-to dich chuyén d6i véi ting
tin hiéu thi c6 thé x4c dinh d& dang tir cac dic
tinh AM/AM va AM/PM cuia by KPCS va
BOp. Trong trudng hop ¢6 sai pha song mang,
chuing ta c6 thé thdy ring sa1 pha séng mang
thyc té 1a mot qua trinh ngéu nhién song dudi
tac dong cua bo khoi phuc song mang trong
ché d6 xac 1ap thi n6 thuong dugc duy tri nho
hon sai pha tinh ¢.

Tinh anh hudng cua sai léch pha song mang
v6i gid tri sai pha tinh nay, do vdy, s& cho két
qua BER trong truong hop x4u nhét, tuc 1a
cang bio dam BER ciia hé thong theo md

18 http://www.Irc-tnu.edu.vn



Doan Thanh Hai va Ptg

Tap chi KHOA HQC & CONG NGHE

86(10): 15 - 20

hinh gia dinh 1 giéi han trén cua BER d6i voi
hé thong thyc. Tac dong cua sai pha trong
truong hop xau nhat nhu vay lai chi 1a xoay
mit mang pha phia thu di mot goc -¢ hay
twong duong vai viéc quay tin hi¢u thu dugc
di mét goc .

Nhu vdy, BER cia hé thong gia dinh c6 thé
tinh dugc mot cach giai tich hay tua giai tich
(do ¢6 vién dén md phong may tinh nham xac
dinh do léch quan phuong o) theo thu tuc
dugc dé xuat trong muc tiép theo.

Thi tuc danh gia gidi han trén cia BER
Can cu vao céc phan tich trong muc trudc,
chuing t6i1 dé xuat mot thu tuc 5 budc nham
danh gia mot gidi han trén cia BER d6i voi
cac h¢ thong M-QAM c6 tinh dén day du
cdc tac dong chinh nhu meo tuyén tinh, méo
phi tuyén, sai 1éch dong ho va sai léch pha
song mang nhu sau:

1. Xéc dinh phuong sai o3” cua ISI gay boi chi
riéng méo tuyen tinh bang mé phong may tinh;
2. Xéc dinh phuong sai o,? cua ISI giy boi
chi riéng sai 1éch dong ho;

3. a. DBbi v6i M > 16, xac dinh téng cua oi’,
o’ va Ny (mat do pho6 cong suat mét phia cua
tap am trang chuan cdng tinh — tap 4m nhiét
tor may thu) dé nhan dugc phuong sai cia mot
tap &m Gauss moi;

b. Dbi voi M = 4, x4c dinh téng cia o1’ va No
dé nhan duoc phuong sai cua mdt tap am
Gauss moi;

4. Xac d}:nh bé“mg hinh hoc cac lugng dich
chuyén tong cong tin hi€u gay ra bdi ca cac
dac tinh AM/AM va AM/PM cua by KDCS
(dugc cho bdi cac nha san xuat) lan lugng
quay pha ¢;

5. a. PSi voi M > 16, tinh mot cach giai tich
BER d6i voi cac diém tin hiu da bi dich
chuyén va tap am da nhan dugc trong budc 3.a;
6. b. P6i v6i M = 4, tinh mot cach giai tich
BERﬂdéi V(')'i, cac ‘diém tin hiéu da bi dich
chuyén va xép chong cua tap dm mdi nhan
dugc trong budce 3.b va ISI phan bo déu véi
phuong sai nhan dugc trong budc 1.

Két qua tinh todn bang sé
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64-QAM Performance Under Nonlinear Distortion
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Hinh 4. Két qua md phong va gi6i han trén cia
BER tinh bang thu tuc da dé xuat

Nhu mot thi du, béng cach su dung phén mém
ASTRAS va tinh toan mét cach giai tich ap
dung thu tuc trén day, cac két qua mo phong
va giéi han trén cia BER ddi v6i mot hé
théng vo tuyén sd 64-QAM duoc thé hién
trén hinh 4, trong d6 sai léch dong ho 1a 1.3%,
sai pha séng mang la 1°, bd KDCS duoc cho
trong [18] voi BOp = 6.5 dB, méo tuyén tinh
duoc tao ra mot cach cb y bé“lng cach cho hé
s6 udn loc cua cac bd loc phat va thu khac
nhau: arx = 0.35 va arx = 0.25.
Két luén
Mo hinh gia dinh va thu tuc tinh toan mot
cach giai tich duong bao trén cua BER trong
hé thong M-QAM thuc té da dugc chung toi
kiém nghiém va la mot két qua tinh toan don
gian va nhanh, c6 kha nang su dung dé danh
gia anh huong cia nhidu yéu té tic dong
dong thoi 1én hé thong M-QAM don va da
song mang.
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BUILDING A MODEL OF M-QAM TRANSMISSION SYSTEM
TO CALCULATE ANALYTICAL OF BER IN M-QAM RADIO SYSTEMS

Doan Thanh Hail*, Doan Thi Thanh Thao?

'College of Technology — TNU, 2College of Information and Communication Technology-TNU

In the analysis, design and evaluation of M-QAM systems with nonlinear power amplifier, the estimation of
BER is a very complicated and the calculation of analystical BER for such systems is usually not practical. To
estimation of the separated effect of nonlinear power amplifier, nonlinear parameter of them as BO (Back-Off)
have bén studied. However, the authors examined (by compurter simulation) and the results showed that the
assumptions used the quality of systems were not antirely accurate. This paper proposes a hypothesis model of
M-QAM transmission system to be able to calculate analytical, simply and fast the upper bound of BER of the
actual system. In addition, a procedure to calculate the upper bound of BER (bit-erorr ratio) for this case is
also presented. Results are some empirical formulas, mainly by compurter simulation, to determine Signal-to-
Noise Ratio Degradation SNRD caused by nonlear distortion of power amplifier. However, this model has got
a poor quality than real systems and thus its quanlity can be used as an upper bound of real systems quality.
Key words: hypothesis model, procedure to calculate, upper bound of BER, M-QAM systems.
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