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Linh vue ky thuit dwge @& cip

Giai phép hitu ich d& cap dén phwong php diéu khién tich phan ty 1€ thich nghi
(Proportional Integral - PI) 4p dung cho thuat toan diéu khién ma héa kénh truyén vo
tuyén (Link Adaptation —LA). Trong do, hé sb didu khién ctia phuong phap PI ndy dugc
didu chinh dong twong mg véi timg kich ban truyén dif iéu (rdi rac hay lién tic) dé dam
béo chit lwrong kénh truyén & trang thai t6i wu.

Tinh trang k§ thuit cia giai phiap hiru ich

Trong hé thdng théng tin v tuyén, thuit todn didu khidn ma héa kénh truyén (LA)
dong vai trd chu chdt trong viéc dam bao tdc d0 truyén dit liu ludn & trang thai 61 wu.
Thuat todn LA cé chirc ndng quy d6i chi sb chit lrong kénh truyén (Channel Quality
Idicator - CQI) sang kich ban didu ché mi héa twong tmg (Modulation Coding Scheme —
MCS).

Muc tiéu ctia thudt todn LA 1a ddm bao cho MCS dat mic cao nhit cho phép trong
didu kién chét lwong CQI (dwoc tinh va giri Ién ti thiét bi di dong) cla kénh truyén & mutc
nhit dinh. Qua trinh 4nh xa tir mt gid tri CQI sang mirc MCS tdi wu duoc thuc hién tai
Kkhéi didu khidn ndi (Imner Loop — IL). Bén canh d6, thudt todn LA ciing c6 hé sb diéu
chinh CQI (CQICorFac) can ca vao céc ban tin phan hoi nhdnkhong nhén
(Acknowledment/Not Acknowledment — ACK/NACK) dugc giri én tur thiét bi ngudi dung
(User Equipment - UE), tinh trén tong $6 lrong miu cho trude (N_sample). Cach thire
ndy dé dam bao g tri CQI sau diéu chinh (effCQI) la tiém cén nhit véi tinh trang hién
tai cia mdi trudng v tuyén. Viéc tinh toan hé s6 didu chinh CQI ndy dugc thyc hién boi
Kkhdi didu khién ngoai (Outter Loop - OL).

Thong thuong, vong didu khién ndi (IL) dugc thyc hién don gian bdi mdt bd loc
hdi tiép (Infinite Impulse Response — IIR) va mot bang anh xa (Look-Up Table — LUT)
fir gié tri CQI (sau khi duoc loc) dé c6 duoge gié tri MCS 0i wu. Thuong thi bang LUT
ndy duoc xdy dyng dva trén khio sat thuc t& cua hé théng trong diéu kién ly tuéng, dam
bao tj 16 truyén thanh cong & mirc 90%, twong tmg v6i 1y 1¢ 16i khdi (Block Error Rate —
BLER) trong qua trinh gidi md B 10%.

Mt khéc, khéi didu khién OL thyc hién diéu chinh gia tri CQI theo céc phan hoi
ACK/NACK tir UE giri lén va duge trién khai bang nhiéu phuwong phip khic nhau. Cu
thé 1 phuwong phap didu khién tuyét d6i hoic phuwong phap didu khién tich Wy.

Ca hai phuong phip néu trén d8u c6 nhitng nhugc diém. Cu thé, phuong phap diéu
Khidn tuyét d6i, thyc chit 1a mdt bd didu khién ty 1 thong thuong, khong c6 kha ning bu
dép duoc sai s6 hé thong theo thdi gian va luon ton tai mot do léch gita BLER mong
mudn va BLER thuc t&. Mit khic, voi phuong phap didu khién tich iy, da co su két hop
ciia b loc TIR va gidi quyét duge vén dé sai sd h¢ théng cia phuong phép didu khién
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tuyst d6i Tuy nhién, véi ddc trung cla viéc hdi tiép gid tri d4u ra, do d6 s& chiu anh
hudng 16n khi viéc tinh todn gid tri CQICorFac cla khéi didu khién OL bi tré, ddc biét 1a
khi viéc truyén dit iéu dién rardi rac. Khi d6 g1a tri tihh toan CQICorFac khong thé dai
dién cho trang thai hién tai cla mdi truong truyen song,
Ban chit ky thuit cta giai phip hiru ich

Do d6, myc dich ctia giai phap hiru ich la dé xuit phwong phép didu khién dé khir
duoc sai s6 hé thong ddng thoi gidm thidu duge vn dé tré tinh todn, dam bao chét rong

mé hoéa kénh truyén d6i véi moi kich ban truyén dit liéu, gifip ning cao chit rong dich
vu cta hé théng, :

Giai phap hiru ich d& xuit phwong phép diéu khién tich phan ti I thich nghi
(Adapvrte Proportional Integral Link Adaptation —APILA) dé nang cao chit rgng kénh
truyén, gidm thiéu sy anh hudng cla tdc do phan hdi ACK/NACK tir UE twong ung véi
cac kich ban truyen dit lidu khéc nhau (rdi rac hodc lién tuc), bao gdm:

a) loc céc gia tri bét thuong cta chi s6 chit lrong kénh truyén (Channel Quality Idicator
- CQI) duoc giri lén tir thiét bi nguoi ding (User equipment - UE) qua khéi x Iy CQJ;
b) khbi ditu khién ngoai (Outter Loop - OL) tiép nhin céc ban tin ACK/NACK
(Acknowledment/Not Acknowledment — ACK/NACK) duge giri tir UE nay va tinh gla tri
didu chinh CQI (CQICorrFac) theo céc budc sau:

i) dém s hrong mau N _sample clia cac ban tin ACK/NACK trong khoang thoi gian

c6 dinh AT;

i) tinh gia tri mesBLER theo s6 wong mAu N_sample theo cong thirc:
numNACK * (100 — targBLER) — numACK * targBLER

mesBLER = targBLER +
N _sample

trong do
- numACK 1 s6 hrong ban tin chip nhian ACK;
- numNACK 13 s6 luong bén tin khong chip nhan NACK;
- targBLER 1 gi4 tri mong mubn ctia BLER;
i) tinh gid tri deltaBLER theo cong thirc:

deltaBLER = targBLER —mesBLER
iv) diéu chinh gid tri Ki theo cong thirc:

K, =Cyp ¥N_sample

trong do
- K; 11 hé s didu khién cia bd didu khién PI;
2 Curla hé sb didu chinh t8i wu ctia hé théng;
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v) tinh gid tri CQICorFac theo bo didu khién PI véi chu ky thoi gian AT theo cong
thirc:
CQICorFac=K ,* deltaBLER(1)+K, *121: deltaBLER(t)
t=0

trong do:

- Kp 13 hé sb didu khién cia b didu khién PL

vi) sit dung gid tri CQICorFac dé diéu chinh gia trj CQInhan dugc tir UE tai khéi
diéu khién noi (Inner Loop - IL);
¢) 4nh xa gi tri CQI sau didu chinh (¢ffCQJ) trén khéi didu khién ndi IL @é cé dugc kich
ban ma héa MCS t6i uu; va
d) thyc hién Iap lai cdc budc a, b, ¢ trén day mdt cach lién tuc sau khoang thoi gian cb
dinh AT.

Phwong phép didu khién tich phén ti 1§ thich nghi niy khac biét so v6i phuong phap
tich liiy truyén thong & hai diém sau:

_ Sir dung bd didu khién tich phan ti 1§ (PT) dé khir sai s6 hé thdng theo thdi gian;

va
- Hé sb diéu khién cua bd tich phan ti 1§ nay dugc diéu chinh d6ng twong Ung voi

tAn suft giri thong tin phan hdi v& tram phat séng tir UE, nho d6 giam thidu anh
huodng cua céac kich ban truyén dit iéu khac nhau.

Phuong phép didu khién tich phan ti 1§ thich nghi theo gidi phap hiru ich s dwoc
trinh by chi tiét & phén sau.
M ta vén tit cac hinh v&

Hinh 113 hinh v& m t nguyén 1 chung ca thudt todn didu khién ma héa kénh truyén.

Hinh 213 hinh v& md ta khdi xir Iy CQL

Hinh 3a 13 hinh v& md ti khéi didu khién ngoai OL st dung phuong phép tich Iy da
dugce bibt dén trong finh vyc k¥ thuat ndy.

Hinh 3b 1 hinh v& md ta so dd khdi diéu khién ngoai OL ctia phurong phap didu khién
tich phan ti ¢ thich nghi theo giai phap hiru ich.

Hinh 4 13 hinh v& md t cdc bude thire hién ciia b didu khién ngoai OL ciia phuong
phap didu khién tich phan ti 1& thich nghi theo gidi phap hiru ich.

Hinh 5 1 hinh v& md ta khéi didu khién ndi IL va so dd trién khai phuwong phép diéu
Kkhién tich phan ti 1 thich nghi theo giai phap hitu ich 1én hé thong.

Hinh 6 i hinh v& thé hién hiéu qua ciia phwong phap theo gidi phap hitu ich so véi
phuong phap da biét.
M ta chi tiét giai phap hiru ich

Hinh 1 13 hinh v& md tanguyén ly chung ctia thuat todn didu khién ma héa kénh truyén
trong d6 bao gdm 3 khéi chinh: khéi xir Iy CQ], khéi didu khién ngoai OL va khéi diéu
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khién n6i IL. Cac dit liéu d4u vio gdm cac ban tin CQI, ACK vi NACK dugc giri Ién tir
UE s& dugc dua vao khdi xir Iy CQI va khoi didu khién ngoai OL. Can cir vio céc ban tin
ndy, phwong phép didu khién tich phén ti 1§ thich nghi xic dinh duogc kich ban mi héa
MCS t8i wu dam bao dugc hiéu ning duong truyén 13 t6t nhit. Chi tiét cac khdi xir Iy nhu
sau.

1. Khéi xiely CQI:

Nhu duge thé hién trén Hinh 2, khéi xir Iy CQI 13 mdt bo loc hdi tiép (b6 loc IIR)
dé loai bo nhitng gid tri bat thwong ciia CQI do UE giri 1én. Khéi ndy dwoc st dung gidng
nhw cdc phwong phép d3 biét trong Hnh vurc k§ thuit ndy. PAu ra cla khéi xir Iy CQI 1A
gia tri CQI trung binh theo thoi gian (timedvgCQI) dugce tinh theo cong thirc sau:

timeAvgCQI(i)=a, *CQOI(i—1)+(1—a,) *COI (i) )]

trong d6, gia tri COI dwoc giri Ién tir UE, gia tri a; i thong s6 b6 loc, duge chon dé
dat 46 nhay mong mubn d6i vé6i gid tri CQI dau vao.

2. Khdi diéu khién ngoai OL:

Nhu duge thé hién trén Hinh 3, khdi didu khién ngoai OL thyc hién tinh todn gid
tti mesBLER, deltaBLER va gi4 tri CQICorrFac. Cu thé nhu sau:

- Tinh gi4 tri mesBLER can ct vio sb hrong cac ban tin phan hdi ACK/NACK

duoc gui kén tir UE, theo cong thirc sau:
numNACK * (100 — targBLER ) — numACK * targBLER

mesBLER = targBLER +
N _sample

@)

Trong dé:

- targBLER 13 gi tri BLER mong muén (thwong dwgc chon & mic 10%), dai dién
cho mirc BLER mong mudn;

- numNACK, numACK tyong Ung 1 s6 lrong ban tin NACK va ACK;

- N _sample 13 tng sb hrong miu dé tinh gié tri mesBLER.

Déi v6i mdi kich ban truyén dit Lidu, thi trong 1 khoang thdi gian c¢b dinh AT s6
lwrong ban tih ACK/NACK s& bién dong trong dai rong.

Sau d6, so sanh mesBLER véi gi4 tri targBLER & tinh deltaBLER theo cong thirc:

deltaBLER = targBLER —mesBLER 3)

Gid tri deltaBLER s& dugc ding dé tioh toan gi4 tri CQICorFac. Luu ¥ ting céc
bude néu trén duoc thyc hién theo phwong phép tich iy va phwong phdp didu khién tich
phin ti 1§ thich nghi cia gidi phip hitu ich.

Hinh 3a thé hién céch thirc thyc hién cia phuong phdp tich liy da biét trong linh
vie k¥ thudt ndy. Trong phwong phdp ndy, gid tri deltaBLER dugc diéu chinh bdi hé sb
k1 va cho qua mdt bd loc hdi tiép dé cé duogc gia tri CQICorFac. Tuy nhién, trong phuong
phap ndy, viéc dua qua bd loc hdi tiép, mic du gidi quyét duoc vAn dé sai s6 hé thong cia
phwong phap tuyét dbi, nhung viéc hdi tip gay ra 6 tré I6n. Mt khac, viéc tih toén dwa
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vio phuong thirc “chd du s6 wong miu” (sb teong N _sample), s& gy ra tr& 16n trong
treong hop truyén dit liéu roi rac, goi nho, thoi gian trd ndy c6 thé kén dén khoang 1 gy,
khi d6 g4 tri CQICorFac khong thé dai dién cho chét lrong kénh truyén tai thoi diém
hién tai va khong thé c6 dugc hidu qua nhu mong mudn.

P& giai quyét vAn d8 trén, nhu dugc thé hién trén Hinh 3b, phuong phap dibu khién
tich phén ti 1¢ thich nghi theo giai phap hitu ich s&tinh toan dua theo khung thoi gian AT
thay cho viéc tinh toan dwa trén thu thip du s6 wong méAu nhu phwong phép da biét. Trong
khoang thoi gian AT ndy, déi véi mdi kich ban trayén dit lidu i rac hay lién tuc, thi s
lwong miu N_sample ding cho tinh toan mesBLER theo cong thitc (2) s& khic nhau.
Ngoai ra, véi mdi s6 wong miu trong khodng thoi gian AT, thi gid tri cuia hé s ditu khién
s& dugc diéu chinh phi hop dé dam bao hiéu ning cua hé théng dat chit hwong t6t nhét.

Sau khi tinh dwoc deltaBLER theo cong thirc (3), thi gid tri diéu chinh CQICorFac
duoc tinh theo b9 didu khién PInhu sau:

i-1

CQICorFac = K, * deltaBLER()+K,*)_deltaBLER(t) @)
t=0

Trong d6, Kpva Kila céc hé s6 diéu khién ciia PI Gid tri Kp dugc git cb dinh, trong
khi K; duge diéu chinh dong theo sd lwong N_sample dém dugc trong khoang thdi gian
AT theo cong thirc saw:

K, = Cyp *N_sample )

Trong d6, Car 13 hé sb diéu chinh t5i wu cla hé théng, Viée didu chish K; theo s
N _sample nay 1a phin quan trong dé thich Ung thuit todn diéu khién PI theo ting kich
ban truyén dit liéu. Khi truyén dit idu roi rac, $6 lwong N_sample nhé va K;dugc diéu
chinh gidm tuwong mg. Ngwoc lai, khi truyén di liéu fien tuc, sé wong N_sample 16n, va
K s& dugc diéu chinh ting twong Ung. HE $6 Cyrcang 16n thi do bién dbi cia K; theo sb
lrong N_sample cang nhanh va ngwoc lai. Gia tri ctia Car duoc chon theo thye nghiém
v6i gié tri t6i wu nim trong khoang i 0,005 dén 0,01;
Nhu vy, khdi didu khién ngoai OL cia phwong phap didu khién tich phan ti 18
thich nghi nhu dugc mo ta trong Hinh 4 s& thuc hién cac budc sau:
- Pém sb lwong N_sample cta cic ban tin ACK/NACK trong khoang thoi gian cb
dinh AT;
- Tinh giA tri mesBLER theo s6 uong N_sample theo cong thuc (2);
- Tinh gié tri deltaBLER theo cong thirc (3);
- Diu chinh gi4 tri K; theo cong thirc (5); va
. Tinh g4 trj CQICorFac theo bd didu khién P véi chu ky thoi gian AT theo cong
thirc (4).
Véi khéi didu khién ngoai OL cua phuong phap didu khién tich phan ti [ thich nghi
theo giai phap hitu ich, gié tri tinh dwgc cia CQICorFac s& khir dugc sai s6 hé théng theo
thoi gian, ddng thoi hé s6 didu khién duge didu chinh dong theo timg kich ban truyén dit
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liéu. Phuong phap ndy phan anh duoc gin nhit tinh trang chit rong kénh truyén vo tuyén
hién tai, gidm thidu tr3 tinh todn cua phuong phép tich Kiy truéc ddy va ning cao hi¢u
ning cua hé théng,

3. Khoi dzeu khién noi IL:

Nhu duge thé hién trén Hinh 5, khéi didu khién ndi IL s& thyc hién khiu cubi cling
cua phuong phép diéu khién tich phan ti [¢ thich nghi bao gom viéc didu chinh gia tri COI
d3u vao cua bang anh xa MCS theo gid tri CQICorFac cta ting trudc theo cong thirc sau:

effCOI = timeAvgCOI + CQICorFac ©6)

Gia tri effCQOI Ia du vao ctia mot bang 4nh xa tr COI-MCS. Bang anh xa nay duoc
xay dung dya trén khao sat thuc t& mirc targBLER véi gia tri CQI trong diéu kién Iy twong
(thir nghiém trong Lab). Gid tri MCS sau khi ¢6 dugc tir bang 4nh xa, s& dugc sir dung
cho viéc m3 hoa dit iéu truyén cho UE & chu ky ghn nhit.

Vi du thye hién gii phip hiru ich

Phuong phép didu khién tich phin ti 1§ thich nghi dwoc tich hop vao chuong trinh
tih todn va trién khai thanh mot hé thdng phdi hop hoat dong gitta UE gid lap v6i tram
phat song, cu thé nhu saw:

- UE gla lap nhin gid tri MCS tir tram phat séng va béo cdo gla tri CQI ciing nhu
truyén céc ban tin ACK/NACK t6i tram phat song;

- Tram phét song s& nhin cic ban tin ACK/NACK ciing nhu thong tin vé CQI tir UE
ndy, thyc hién tinh todn theo phwong phép cla giai phap hitu ich dé cung chp gid
tri MCS 161 ru.

P&i véi hé théng ndy, céc thc gid da tién hanh danh gid va so snh higu ndng hé
théng trong hai trudng hop:

- Trudng hop 1: st dyng phuong phap da biét trong finh vyc nay véi khbi didu khién
ngoai OL kiéu tich Hy.

- Trudng hop 2: sir dung phuong phép didu khién tich phan ti & thich nghi theo giai
phap hitu ich véi Kkhéi didu khién ngoai OL 1A bd didu khién PI thich nghi

Céc tham s hé thdng duogc lya chon trén thyc té dugc thé hién trong Bang 1. Két
qua thi nghiém dugc téng hop trong Bang 2 va duogc thé hién trén Hinh 6.

Béang 1: Cac tham sb hé théng duoc sir dung trong thye t

Tham s hé thong Y nghia Gia tri
targetBLER Gia tri BLER muc ti€u cua hé thong 10%
al He s diéu khién do nhay tinh toan timeAvgCQI 0,203
y Hé s6 diéu khién thl,}é_\.t toan OL st dung k¥ thuét' tich lity Ls
(33 dwgc Ira chon t&i vu clia phuong phép da bict) ’
K He s diéu khién thut todn OL st dung k¥ thuat PILA Ls
i (Thanh phan P) ’
Chr Hé s6 diéu chinh K; ~0,0075
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Bang 2: Két qua so sanh hiéu ning clia phuong phap cli va phuong phép theo gidi phap

hitu ich
N_sample | BLER myc tiéu | Phwong phép tichliy Phwong phap D3 cai thiénsaiso
(Phwong phap cii) APILA
20 10% 10,0068 10,003 55,88%
30 10% 10,0104 10,0022 78,85%
40 10% 10,0068 10,0017 75,00%
50 10% 10,0085 10,0014 83,53%
60 10% 10,0102 10,001 90,20%
70 10% 10,0086 10,0009 89,53%
80 10% 10,0085 10,0008 90,59%
90 10% 10,0085 10,0007 91,76%
100 10% 10,0085 10,0006 92,94%

Trong Bang 2, N_sample twong (tng v6i s6 wong miu ACK/NACK phan hdi tir UE
trong khoang thdi gian AT, mirc BLER muyc tiéu dat 1d 10%. Céac gia tri BLER thuc t§ do
duoc so véi mirc BLER myc tiéu twong Ung voi mdi sb wong N_sample déu khac nhau.
Vi tirng s6 wong N_sample, phuong phap didu khién tich phan ti Ié thich nghi theo gidi
phap hiru ich déu cho thiy su cdi thién rd rang so véi phuong phap tich iy cii, dic biét
I khi s6 Iu'ong N_sample & mirc cao, ing véi kich ban truyén dit liéu Lén tyc. PO cai
thién sai s6 dao dong tr 55% - 92%. Ciing c6 thé quan sat thdy két qua tuong tw duoc thé
hién trong Hinh 6 1a dd thi twong quan so sdnh mic BLER thuc t& dbi voi timg gid tri
N _sample ciia phwong phap da biét va phuong phap diéu khién tich phan ti 1€ thich nghi
theo giai phap hiru ich.

Két qua néu trén cho thiy hiéu qua thuc t& cta phuong phap didu khién tich phan
ti 16 thich nghi theo gidi phap hitu ich. Phwong phap theo giai phap hitu ich cho thay kha
ning nang cao hiéu qua hoat dong cua thuat toan LA va dua BLER thuc t& vé gin voi
mirc BLER mong muén hon so v&i phuong phép da biét trong finh vyc k¥ thudt nay.
Hiéu qua dat dwgc clia gidi phdap hiru ich

Phuong phéap didu khién tich phan ti 1 thich ngh1 theo g1a1 phap hitu ich d& &p
dung vA c6 hiéu qua cao. Phuong phap nay da giai quyet duge van d8 tré do tinh todn gid
tri diéu chinh CQI gy ra boi sy khong n dinh cua toc dd ban tin phan hoi tr UE. Viéc
trién khai thuc t& phuwong phap ndy da cho thiy kha ning cai thién rd rét cla sai s6 BLER
thuc t& so véi mirc BLER mong mudn. Qua d6 s& cai thién duoc cht lwong truyén tin cua
hé théng.
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YEU CAU BAO HO

1. Phuong phap didu khién tich phan ti I8 thich nghi (Adapvite Proportional Integral Link
Adaptation — APILA) bao gom:
a) loc céc gid tri bt thuong cta chi s6 chit hrong kénh truyén (Channel Quality Idicator
- CQI) duoc giri Bn tir thiét bi ngudi ding (User equipment - UE) qua khéi xir Iy CQI,
b) khbi didu khién ngoai (Outter Loop - OL) tiép nhén cac ban tin chip nhan 4CK/khong
chip nhin NACK (Acknowledment/Not Acknowledment — ACK/NACK) dugc gii tit UE
ndy va tinh gid trj didu chinh CQI (CQICorrFac) theo cac budc sau:

i) #8m s6 hrong miu N_sample cia cac ban tin A CK/NACK trong khoang thoi gian

cé dinh AT;

ii) tinh gi4 tri mesBLER theo s6 lwong mAu N _sample theo cong thirc:
numNACK * (100 — targBLER ) — numACK * targBLER

mesBLER = targBLER +
N _sample

trong d6 v

- numACK 1 s6 lrong ban tin ACK;

- numNACK 1 s6 lwong ban tin NACK;

- targBLER 13 gia tri mong mudn cia BLER;

i) tinh gia tri deltaBLER theo cong thirc:

deltaBLER = targBLLER —mesBLER
iv) diéu chinh gia tri K theo cong thirc:
K, =Cy, *N_sample

trong do:

- Ki 13 h¢ sb diéu khién cia PI;

Crr1a hé s6 diéu chinh ti wu coa hé théng;

v) tinh gid tri COICorFac theo bd diéu khién PIvéi chu ky thoi gian AT theo cong

thirc:

CQICorFac = K , *deltaBLER (1)K, *ZZI: deltaBLER(t)
t=0

trong dé

- Kp1a hé sé diéu khién cta PI;

vi) stt dung gid tri COICorFac dé diéu chinh gid tri CQInhin dugc tit UE ndy tai

khdi diéu khién ni (Inner Loop - IL);
¢) anh xa gid tri CQI sau didu chinh (effCQI) trén khdi didu khién ngi IL ndy dé c6 dugc
kich ban m3 héa MCS t6i uvu; va
d) thuc hién Iip lai céc budc a, b, ¢ trén ddy mdt cach lién tuc sau khoang thoi gian cb
dinh AT.
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