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(57) Sang ché d& xuit phuong phap didu khién doc 1ap cong suat tin hiéu thu nham
phuc hoi tin hiéu thu ké ca trong diéu kién song kém, do lon tin hiu trén cac dng-ten
thu khong can bﬁmg, hay d6 16n tin hiéu tai RS khac DT. Khi tin hi€u thu dugc céi thién,
phuong phap diéu khién doc 1ap cong suat tin hiéu thu ciing ddng thoi nang cao hiéu
ning giai ma tin hiéu cta kénh diéu khién duong 1én 16p vat 1y dinh dang hai trong hé
thong vién théng di dong thé hé nam. Bang 4p dung ly thuyét ma tran dai sb tuyén tinh
trong x1r 1y s6 tin hiéu, cong suat tin hiéu thu duogc diéu khién doc 1ap theo timg Ang-ten
thu, ki tu, va loai tin hiéu RS hay DT theo bdn bude: bude 1: tai tao va tinh tham chiéu
cua tin hiéu phat; bude 2: boc tach doc 1ap va tinh do 16n cia tin hiéu thu; budce 3: tinh
ngudng tham chiéu, tinh d6 1oi, va diéu khién cong suit; bude 4: udc luong kénh, can
bang kénh, giai mi kénh, va thong ké két qua.
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Linh vuc k§ thuidt dwgc dé cap

Sang ché @& xuit phwong phap diéu khién doc 1ap cong suat (Autonomous Power
Regulation — APR) tin hiéu thu trong diéu kién séng kém (Weak Signal — WS). Cu thé,
phwong phap dé xut trong sang ché dugc img dung cu thé cho kénh diéu khién duwong 1én
16p vat 1y dinh dang hai (Physical Uplink Control Channel Format 2 — PUCCH F2) trong
vién théng di dong thé hé nam (Fifth Generation Mobile Networks — 5G).

Tinh trang k¥ thuit ctia sing ché

Trong vién thong di dong, séng dién tir dwoc dung trong giao tiép giita thiét bi nguoi
dung (User Equipment — UE) va tram gdc (Base Station — BS). WS dugc x4c dinh khi song
dién tir c6 cong sudt thu cua tin hiéu tham chiéu (Reference Signal Received Power —
RSRP) nhé hon —115 dé-xi-ben mi-li o4t (decibel milliwatts — dBm). C4c nguyén nhan
gay WS:

- Khoang cach UE va BS 16n;

- Diéu kién thoi tiét cuc doan;

- Nhiéu vit can gitta UE va BS;
- Nhiéu UE két ndi dén BS.

Tai BS, PUCCH F2 giai ma cac don vi thong tin (bit) xac nhan dd/chua nhéan dugc
dit liéu (Acknowledgement/Negative-Acknowledgement — ACK/NACK) tut UE. Tuy
nhién, WS c6 thé khién PUCCH F2 giai mi sai tir ACK/NACK sang NACK/ACK, hay
trang thai mat tin hiéu (Discontinuous Transmission — DTX) tit UE. Do NACK/ACK xac
dinh c6/khong truyén lai tin hiéu cho UE, gidi ma sai bit anh huéng 16n dén bang thong
cling nhu tai nguyén tinh toan cia toan hé thong.

Sang ché dé xuit phuong phap diéu khién doc 1ap cong suat (APR) cho tin hidu thu
nhim gidm xac suét giai mi sai hay mét bit. Tinh doc 1ap duoc thé hién trén cac khia canh

sau:
- D6 16n tin hiéu giita cac dng-ten thu dugc diéu khién ddc lap.

- Do 16n tin hiéu giita cac ki tu mién thoi gian duge dieu khien doc lap.
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- D0 16n tin hiéu giita cac tin hiéu tham chiéu (Demodulation Reference Signal —
RS) duoc diéu khién doc 1ap véi tin hiéu dit liéu (Data — DT).

Vi cac két qua thuc nghiém, phuong phap APR chiing minh viéc céi thién dang ké
hiéu ning giai ma cia PUCCH F2 ké ca khi:

- Cong suét tin hiéu bi suy hao trong diéu kién WS.
- Cong suét tin hiéu bi mat cAn bang trén cac dng-ten thu.
- Cong suét tin hiéu RS khac DT.

Ban chit ky thuit clia sdng ché

Muc dich cia sang ché 1a gitip nang cao chat lwong dich vu vién thong di dong thé

A VA

hé nam khi phuc hoi hiéu qua va chinh xac tin hiéu thu trong dicu kién WS. D€ dat muc

dich trén, phuong phap d& cap trong sang ché gbm cac budc:

Budc 1: tai tao va tinh tham chiéu coa tin hiéu phéat: cong suét tin hiéu thu duoc
diéu khién theo mot khoang d6 16n goi 1 ngudng tham chiéu: dwa vao cac tham sb da biét
14 cau hinh hé thong va kénh, viéc tai tao tin hiéu phat tai cac vi tri RS cho phép tinh tham
chiéu cua tin hiéu phat, qua d6 xac dinh ngudng tham chiéu;

Budc 2: boc tach doc 1ap va tinh d6 16n cia tin hi€u thu: twong tu tin hi€u phat, 46
16n tin hiéu thu tinh tir cac ma tran tin hiéu thu duwoc boc tach va xur ly doc lap giira cac
ang-ten thu, ki tu, cling nhu loai tin hiéu (RS hay DT);

Budc 3: tinh ngudng tham chiéu, tinh d6 101, va diéu khién cong suat: trong bo diéu
khién cong suét, d6 loi 12 hé sb can nhan hay chia tin hiéu thu nham gitp d6 16n caa tin
hiéu thu thudc ngudng tham chiéu, v6i ngudng tham chiéu 1a giéi han trén dudi dugc tinh
tlr tham chiéu cua tin hiéu phat;

Budc 4: uée luong kénh, can bang kénh, giai ma kénh, va thong ké két qua: trang
thai kénh va chudi bit duoc xac dinh thong qua viéc udc lugng, cin béng, va giai ma tin
hiéu thu dwoc diéu khién cong suat doc 1ap; tir d6 giap danh gia hiéu qua ctia APR véi x4c
suat mt hay sai bit trong budc thong ké két qua;

MO t4 vin tit cac hinh vé

Hinh 1 thé hién qua trinh xir ly tin hiéu cia PUCCH F2;

Hinh 2 thé hién qu4 trinh tinh tham chiéu cna tin hiéu phat;
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Hinh 3 thé hién phan b6 tai nguyén cia PUCCH F2;
Hinh 4 thé hién phan tach loai tin hiéu cia PUCCH F2;
Hinh 5 thé hién chi tiét phuong phap diéu khién doc 1ap cong suat APR;

Hinh 6 thé hién chi tiét bo tinh ngudng tham chiéu TG, tinh & loi GC, va diéu
khién cong suat PR;

Hinh 7 thé hién mb hinh thuc nghiém danh gia hiéu ning giai ma PUCCH F2.
M ta chi tiét sang ché

Bang ap dung 1y thuyét ma tran dai s6 tuyén tinh trong xir 1y s6 tin hiéu, sang ché
diéu khién doc 1ap cong suat tin hiéu thu, va qua do6 gitp phuc hoi tin hiéu thu trong diéu
kién WS. Tai 16p vét Iy (Physical Layer — L1/PHY), PUCCH F2 gidi ma tin hi€u v&i céc
dAu vao: tin hiéu thu Y}, va cdu hinh giai ma nhu trong Hinh 1. Trong khi Y 14 tin hiéu
bang gdc mién tan s trén ang-ten thu r, cau hinh giai ma gdm cac cau hinh hé thong va
kénh giri tir 16p diéu khién truy nhap mdi truong (Media Access Control — L2/MAC).
Trong Hinh 1, tin hiéu phat Xpg duoc tai tao tir ciu hinh gidi mi va dung cho: uéc luong
kénh ciing nhu tinh tham chiéu ciia tin hiéu phét ||Xzs|l. V6i tham s6 dau vao || Xgsll,
phuong phap APR diéu khién doc 1ap cong suat tin hiéu thu Y7 tai RS va DT thanh ?g}
va ?g;}. )7R{§} VE‘lYlé;} duoc dung truc tiép cho uéc lwong kénh (Channel Estimation — CE)
va can bang kénh (Channel Equalization — EQ) thay vi Y}, Nhu vay, phuong phap APR
diéu khién cong suat Y doc lap theo: timg ang-ten thu, timg ki tu, tung loai tin hiéu (RS
hay DT). Nho d6, Y dugc phuc hdi bat chap: suy hao do WS, mat can bang cong suat trén
cac ang-ten thu, d§ 16n tin hi¢u tai RS khac DT. Vé1 dau vao 1a tin hiéu hop nhat & EQ,
chudi bit thu tir bd giai ma kénh (Channel Decoder — CD) duoc dung danh gia hiéu nang
giai ma cua PUCCH F2.

Cac budc thuc hién sang ché cu thé nhu sau:
Budce 1: tai tao va tinh tham chiéu cta tin hiéu phat;
Budc 1.1: tai tao tin hiéu phat:

Tt c4u hinh giai m g tir L2, tin hiéu phat Xz duoc tai tao tai L1 va 1a hop cta
tin hiéu phat trén L ki tu:
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L
_ o _| v} {2 L}
XRS_UXRS_[XRS X}lzs XRS (1)
=1
Khi c4c ki tu doc 1ap va binh déng nhau, tin hiéu phat X3 trong (1) duoc béc tach
riéng va 12 hop ciia tin hidu phat trén tat ca KRS séng mang con (Sub-carrier — SC):

—

YUy Re[X J{ég’l}] +J Im[X ;{;}}}
RS
X = IQSXE;'«} _ X %2} | Re[ kT Jym |1 o
— X}%KRS} | |Re [ X}%KRS}} +jlm[ X}%KRS}}

Trong (2), Re va Im lan luot 1a phan thuc va 4o ciia SC, trong khi j 1a don vi phc.
Budc 1.2: tinh tham chiéu ctia tin hiéu phat:

Tai ki tu [, tham chiéu cua tin hiéu phét ”X }{?15} ” duoc tinh tu ph?m thuc va 4o coa tat

ca cac SC:
KRS KRS
LR LR
; ;Re[XRS J|+;|hn[)(}§s }
pri}== KRS )

Nhur vay, tham chiéu cta tin hiéu phat || Xgs|| trén L ki tu 12 hop cla tat c4 cac tham
chiéu nhu trong Hinh 2 va (4):

L
"XRS ” - U

¢

(e ] - ] g

Budc 2: boc tach doc 1ap va tinh o 16n cha tin hiéu thu;

Céc thanh phan cda tin hiéu thu va d6 16n tuong tmg duoc boc tach va xir Iy dong
thoi nhu mot phan cua khéi APR trong Hinh 1.

Budce 2.1: boc tach ddc lap tin hi€u thu:
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Tai BS, tin hiéu thu bing gbc mién tin sb Y dugce chuyén tir tin hiéu thu cao tan
mién thoi gian béi don vi vo tuyén tir xa (Remote Radio Unit — RRU). Y 12 hop ciia tat ca
tin hi€¢u thu trén R dng-ten thu (Reception Antenna — RX):

r=Urt=[rt r® oy )

V6i tinh chit binh dang gifia cac dng-ten thu vé mat khong gian, tin hiéu thu Y}

tai ang-ten thu r dwoc xét riéng nhu sau:
{r} _ {1y {1} {7‘,2I {r.L}
Y = l IY = [Y res oY } (6)

Trong (6), YU} 13 hop cia tat ca tin hidu thu trong khoang thoi gian chita L ki tir.
Vé mat thoi gian, tin hiéu thu ¥ 7 tai ki tu [ c6 vai trd ngang hang nhu tin hiéu thu tai cac
ki tw khac. Do d6, timg Y8 dugc dién dat tir tt ca tin hiéu thu trén K séng mang con:

i Y{r,l,l}

. Ko B) Y{r’l’z}
Y{/ ,l} — Y{/ kg _
Y 0

Y{r,l,K}

L -

Vé mit tan s6, PUCCH F2 trong 5G gém hai loa1 SC xép xen k&: RS va DT. V&1
mudi hai SC trong mot 6 tai nguyén (Resource Block — RB), RS phén b & bon vi tri: thi
hai, ndm, tdm va mudi mot; trong khi DT ¢ tam vi tri con lai nhu Hinh 3. Nhu vay khi vai
trd cua hai nhém RS va DT 1a nhu nhau, Y79 trong (7) dwoc phan tach lai nhu sau:

Y{L’l} _ YR{g,l} U YgIT,I} ®)

Trong (8), Y8 1a hop cta tin hiéu thu RS Y& va DT v v 09 va v twong
dwong nhau va 1an lugt 13 hop cua thanh phan thuc 4o cia tat ca SC tai RS va DT nhu
trong (9), (10), va Hinh 4.
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oy 7| R EEY || 76

yid _ KLRJS p s _ Y ]g’l’z} ~ Re[Y }g’l’z}_ +jIm —YR{;’Z’Z}}
° k=1 ® cos B (9)

| Re[YR{g’l’KRS}_ +jIm _Ygg’l’KRS}}

_ i a1 "

pen | | Re[TE o jm| 7

Y ];{;,z} - Tj Yé;’”‘} _ Y, g;’lﬂ} _ Re [Yb{;l’l} |+ j1m [YD{;,M} ]
k=1 .

(10)

(.17 = ~ ( 1]
Yi; LKDT; {r,l,KDT} . {1 KDT}
Lfor "1 | Rel Ty, +7Im| Y5, J

Trong d6, KRS va KDT tuong tmg 14 tong s6 SC cua tin hiéu RS va DT, va duoc
tinh tir tong sb 6 tai nguyén nRB:

KRS =4nRB (11)
KDT = 8nRB (12)
T (9) va (10), tin hiéu thu Y dugc boc tach va xir Iy doc 1ap theo cac khia canh sau:
- Vé mit khong gian gitra cac Ang-ten thu.
- Vé mat thoi gian giita cac ki tu.
- V& mait tan s gitra cac RS va DT.
Budc 2.2: tinh d6 16n cua tin hiéu thu:

Do 16n cua tin hiéu thu RS tai ki tw [ va dng-ten thu r dugc tinh tir thanh phan thuc
va 40 cua tat ca SC:

KRS Lk KRS Lk
“Y{nl}": kzz; Re[YR{Su}} +; hn[yés”}}l
s KRS (13)

Tuong tu, (14) 1a 6 16n cia tin hi€u thu DT tai ki tu [ va dng-ten thu 7:
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zlk

|-Sjelr]

2KDT

(14)

Budec 3: tinh ngudng tham chiéu, tinh d6 loi, va diéu khién cong sudt;

Vé mit tong quan, kh6i APR trong Hinh 1 dugc ciu tao tir qua trinh béc tach, tinh
5 16m cira tin hidu thu hop ciing viéc tinh ngudng tham chiéu, d6 loi, va diéu khién cong
suit. Tir tham chiéu cia tin hiéu phat ||X ,{;5}” trong (3), ngudng tham chiéu (Threshold —
THR) duoc tinh béi bd tao ngudng tham chiéu (Threshold Generation — TG). Tir d6, bd
tinh d6 loi (Gain Calculation — GC) tinh d6 1¢i can nhan hay chia tin hiéu thu dé cac do
16n cua tin hi¢u thu trong (13) va (14) dat ngudng tham chiéu Sau cung, tin hi¢u thu dugc
didu khién dboc 14p cong suat khi b6 dicu khién cong suat (Power Regulation — PR) nhan
hay chia tin hiéu thu trong (9) va (10) véi d lgi nhu trong Hinh 5. Cu thé, bude nay dugc

thuc hién qua cac budc nhd sau:
Budc 3.1: tinh ngudng tham chiéu;

Trong (3), IIX ” 1a d6 16n tin hiéu mong mubdn, tuy nhién trong xir 1y s tin hiéu,
tin hiéu van duge xir ly tot ma khong can dén su can thi€p ciia APR néu dam bao do 16m
trong mot khoang xac dinh goi 1a ngudng tham chiéu (Threshold — THR). Do d6, THR
duoc dinh nghia nhu sau:

THR = [Thr;; Thr, | (15)

trong d6, Thr; va Thr, 14n luot 14 gi6i han trén va dudi ctia ngudng tham chiéu va duge
tinh nhu sau:

e
Thy === (16)
Thr, =2 | X }{Q" (17)

Trong (16) va (17), n1 va n2 13 hai tham s6 thuc nghiém nhim xac dinh ngudng
tham chiéu. Nhu véy, THR trong (15) dwgc viét lai nhur sau:
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{f;
R

.An2
nl ’2

THR £ x

(18)

Truong hop mudi sau bit nhi phan duoc st dung trong xir Iy s6 tin hiéu, THR duogc
gidi han boi hai bién trén dudi nhu trong (19) nham tranh tinh trang Thr; va Thr, vuot
qua gidi han x1t ly.

i
: ;2112

THR 2

X}{fs}“ N[2;2° |2[THR ;THR, ] (19)

Budc 3.2: tinh do ioi:
D¢ loi 1a hé s6 cin thiét d& nhan hay chia d6 16n cita tin hiéu thu ||Y|| trong (13)

va ”YD{;’l} ” trong (14) nham dat dugc ngudng tham chiéu THR.

Trudng hop ||Y,g’l}” hay ”Yg;’l}” 16n hon THR,, do 16n cua tin hiéu thu can giam
mot bit nhi phén trong xit 1y s6 tin hiéu hay giam mdt nira trong hé thap phan. Do dd, gia
tri moi cua ||Y}§§‘l}” hay ||Yé’}‘l}” (goi chung 1a ”YR{E'/I,})T”) duoc tinh nhu sau:

Nhu véy v6i gia tri dau bang khong, s bit nhi phan nBitgg /DT can giam 1a 4m mot
dé dat d6 16n cua tin hiéu thu nhu (20):

RS/DT ll I Gl “ (20)

0Bit gy = 0Bt gy —1 21)

Trong khi IIYR{E DT || trong (20) van con 1én hon THR, trong (19), can thyc hién lai
(20) va (21) cho dén khi ”Y{r/l,})T || nho hon THR,. Sau n vong lap, nBitgs,pr 1a 46 11 can
chia YR{E%T nham giam d6 16n tin hiéu thu duéi THR,, va gia tri cta nBitgg /pr cho trong

(22):

nBit g, =1 (22)
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Nguoc lai, truong hop ||Y{r /%T | nho hon THR,, cn nhén ||Y{r s/ DT” vo1 mot do loi

16n hon mét. Trong xt 1y s6 tin hiéu, phép dich trai mot bit tin hiéu nhi phan tuong duong
nhan doi tin hiéu trong hé thap phan, do do:

I l
”YRS/DT =
nBit g, =nBity,,, +1 (24)

RS/DT ” (23)

Noi cach khac, can ting nBit s /pr MOt lwong 1a duong mot dé dat duoc do 16n tin

hi€u tang nhu trong (23). Trong khi, || {E/%T ” trong (23) van con nho hon THR; trong (19)

RS/DT | 16n hon THR;. Sau n 1an, d6 loi trong (25) 14

hé s6 can dé nhan tin hiéu thu nham dat o 16n mong mudn:
Bt 4, pp =1 (25)
Budc 3.3: diéu khién cong suat:

Trong Hinh 6, YR{E /l,})T la tin hi€u thu YR{S /gr d3 dugc diéu khién cong suat. Trong khi
R{g /l,}JT duogc tinh trong (9) va (10), Y}g /%T duoc tinh tir YR{E DT va do loi trong (22) hay
trong (25):

Y{ 1y 2“5”&9/07 Y{ I}

RS/DT RS/DT (26)

Trong (26), do 16n tin hiéu thu gidm di v6i nBitgg/pr &m trong truong hop tin hi€u
thu ¢6 d6 16n 16n hon ngudng tham chiéu THR,, nguoc lai d6i véi truong hop do loi
duong. Nhu vy, phuong phap APR diéu khién doc 1ap cong suat tin hiéu thu trén ting
ang-ten thu r, ki tu [ va loai tin hiéu RS hay DT.

V6i L ki tu tai dng-ten thu 7, tin hidu thu RS dugc diéu khién cong suat ?R{g} 1a hop
clia tt cd céc ?R{g’l} trong (26). Do ?Ig’l} duoc xur ly doc 1ap trén timg ki tu [, VR{E} la ma
tran chira L cot tuong tng:

g 0 pi
UYRS :[RS Ves™ o Tig } (27)

=l
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Thay vi dimg Y} trong (6) bi suy hao trong diéu kién WS, udc lugng kénh tai ing-

ten thu r can tin hiéu d3 duoc phuc hoi ?}g} nham tang do chinh x4c cia tinh toan.

Ngoai udc luong kénh, tin hiéu thu con dugc ding cho can bang kénh nhu trong
Hinh 1, nén do chinh xac cua tin hiéu thu trong giai ma PUCCH F2 1a dac bi€t quan trong.
Twong tu ?R{’;} trong udc luwong kénh, ?g? trong can bang kénh 14 tin hidu thu DT d4 duoc
diéu khién cong suét tai ang-ten thu . P17} 12 hop cita tht ca P7"Y trén L ki tu nhur trong
(28) va Hinh 5:

A

L
i >4, 2 >4, r, ,
YéT} = UYgrl} = [Yng} YJSTZ} YD{TL}:l (28)

Véi céu hinh giai ma tir L2, L1 thuc hién phuong phap APR tin hiéu thu bang gbc
101 giai md PUCCH F2 gom: uéc luong kénh, can bang kénh, va giai mi kénh nhu trong
Hinh 1. Céc thong tin dwoc gii mi va truyén trd lai L2: ti s6 cong suit tin hiéu trén nhiéu

(Signal to Noise Ratio — SNR), cong suat nhiéu [o2]"7, cong suét tin hiéu, chudi bit. ..

U'éc lwong kénh gitip x4c dinh H7 gdm HYZ va HI 1a ma tran déc tinh kénh truyén
tai RS va DT. Trong khi HY duoc dimg voi 77 dé woc lwong SNR va [02]73, HI duoc
dung cho can bang kénh. Trong xir Iy tin hiéu thu, can bang kénh st dung H f;ﬁ (02103, va
793 nhim loai bé anh huéng cita nhidu, va hop nhét céc tin hiéu thu. Véi 75 va 772, co
thé thay tam quan trong ctia phuong phap APR khi @9 chinh x4c ctia khdng chi CE ma con
EQ duoc cai thién. Qua do, hiéu nang giai ma tin hi¢u cta toan hé théng dugc nang cao
bét chip diéu kién WS, hay d6 I16n tin hiéu trén c4c dng-ten thu khong can, hay do 16n tin
hiéu RS khac DT.

Qua cac budce giai anh xa, giai xdo bit, va gidi ma bit, L2 nhan dugc chudi bit giai
ma bai PUCCH F2 chita thong tin vé: truyén lai, 1ap lich, va trang thai kénh. Ngoai ra, toc
d6, cong suét truyén thong tin giita UE va BS ciing duge L2 hiéu chinh véi céc thong 5O
woe luong tir CE cia L1 nhu: SNR, cong suat nhiéu, cong sudt tin hiéu.

Tai L1, hiéu nang gidi ma cuia PUCCH F2 duoc danh gid dua vio cdc x4c suat: mat
ACK (ACK Missed Detection Probability — PACK) va ACK thanh NACK (ACK to NACK
Probability — PA2N). V&i mot bit ACK duoc g, trong khi PAZN 1a xéc suat giai ma sai
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bit d6 thanh NACK, PACK 14 x4c suit khong giai mi duoc ACK va roi vao trang thai
DTX.

Vi du thuc hién sang ché

Trong sang ché, két qua thyc nghiém véi mo hinh trong Hinh 7 dugc ding dé chimg
minh hiu qué ciia phurong phéap diéu khién doc 1ap cong suét tin hiéu thu. Trong Hinh 7,
m6 hinh thyc nghiém gdm: may phat tin hiéu, RRU, L1, va L2. M4y phat tin hiéu cho phép
tao ra song dién tir cao tin & mién thoi gian véi didu kién kénh truyén, nhifu, va cong sudt
phat xac dinh. Do d6, may phat tin hiéu thiét lap mot cach chinh xac qua trinh thuc té UE
blc xa song dién tir dén BS trong diéu kién: suy hao do WS, mat can bang cong suit trén
cac ang-ten thu, hay d6 16n tin hiu tai RS khac DT. Tai BS, RRU chuyén dbi tin hiéu thu
cao tn mién thoi gian thanh tin hiéu thu bing gbc mién tan s6 Y7 tai ang-ten thu r. Véi
chu hinh hé théng va kénh tir L2, L1 gidi mé tin hiéu thu tir RRU nham danh gi4 hidu qua
cta phuong phap APR no6i riéng hay hi€u nang giai ma cia PUCCH F2 néi chung.

Nhu trong Bang 1, ciu hinh hé théng gdm: bang thong (Bandwidth — BW), khoang
cach SC (Sub-carrier Spacing — SCS), s dng-ten phat (Number of Transmission Antenna
—nTX), va s6 ang-ten thu (Number of Reception Antenna — nRX). Trong khi d6, cAu hinh
kénh cia PUCCH F2 cho trong Bang 2 dua theo muc 8.3.4.1.1 trong tai liéu TS 38.104
V16.6.0 ban hanh béi du 4n ddi tac thé hé tha ba (The 3™ Generation Partnership Project
—3GPP).

Béng 1: cau hinh hé thong

Thong sb Gia tr1
BW 100 MHz
SCS 30 kHz
nTX 1
nRX 2,4,8

11



93777

Béang 2: cAu hinh kénh loai mot

Thong s6 Gia tnn
Loai diéu ché QPSK
Vi tri bt dau theo 6 tai nguyén cta ki tu 0
thir nhét trén mién tan sb
Nhay tan Khong
Vi trf bit dau theo 6 tai nguyén cia ki tur "
thi hai trén mién tin s6 -
nRB 4
S6 ki tur 1
Do dai bit 4
Vi tr b?\ﬁt dAu theo ki tu cta ki tu thir nhat 3
trén mién thot gian
Tham s diéu ché RS N,p° 0

12

doc 1ap cong suat khi d6 16n nhé hon chin bit nhi phan hay 16n hon muoi bit nhi phan.
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Vi ba muoi hai bit nhi phan, mot SC gdm mudi sdu bit phan thuc va mudi sau bit
phin 4o trong 1y thuyét xir ly tin hi¢u s6 tin hiéu. Tuy nhién, do 16n phan thuc va ao duoc
gidi han & mudi bit nhi phén trong sdng ché va 1a mot don vi co ban (per-unit — pu) nham
tranh tinh trang qua gidi han xur ly. Bén canh do, gia tri nl va n2 trong (19) tuong Ung la
mot va khong nham xéac dinh khoang d9 16n tin hiéu ma APR khong can tac dong 1a tr mot
phan hai pu dén mot pu trong hé thap phan. Néi cach khéc, tin hiéu thu chi dugc diéu khién

Béng 3 va Bang 4 liét ké cac diéu kién khac nhau nhim danh gia hiéu ning giai ma
tin hiéu ctiia PUCCH F2 khi ¢6 va khong c6 APR. Trong Bang 3, diéu kién do 16n tin hiéu
thu (Receive Level — RL) véi nRX khac nhau gom:
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- Tin hiéu bi suy hao d3 16n, mic suy hao tin hiéu can bang trén cac ang-ten thu,
d0 16m tin hiéu tai RS giéng DT.

- Tin hi€u bi suy hao d¢ 16n, muc suy hao tin hi€éu khong can bﬁng trén cac ang-
ten thu, d0 16n tin hiéu tai RS giéng DT.

- Tin hiéu bi suy hao d3 16n, mirc suy hao tin hiéu khéng can bang trén cac ang-
ten thu, d6 16n tin hiéu tai RS khac DT.

- Tin hiéu bi qua 46 16n, mic qua tin hiéu can bfmg trén cac ang-ten thu, 6 16m
tin hiéu tai RS giéng DT.

- Tin hiéu bi quéa d6 16n, mac qua tin hiéu khong can bang trén cac ing-ten thu,
d6 16n tin hiéu tai RS giéng DT.

- Tin hiéu bi qua d6 16n, mic qua tin hiéu khong can b?mg trén cac ang-ten thu,
d6 16m tin hiéu tai RS khac DT.

Ngoai ra; diéu kién kénh truyén va nhidu (Propagation Condition — PC) dugc thiét
1ap theo muc 8.3.4.1.2 trong tai liéu TS 38.104 V16.6.0 nhu trong Bang 4. Khi nRX thay
i, PC quy dinh gié tri SNR tinh bang dé-xi-ben (decibel — dB) twong tmg, trong khi kiéu

7

méi truong “TDLC300-100 Thap” 1a chung.

Bang 3: diéu kién d6 16n tin hiéu thu RL

Ma tran do 16n tin hiéu thu trén tirng ang-ten thu
(pu) v&i thir ty tir trai sang, tir trén xudng

RL |nRX Ghi chia
RS DT
5 [1 1] [1 1]
16 16 16 16
11 1 1} 1 1 1 1]
4 — — = = - = = = f s
16 16 16 16 16 16 16 16l |Suy hao, can bang trén

cac RX, RS giéng DT

'1111]1111]

16 16 16 16 16 16 16 16
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[ 1 1] [ 1 1]
16 8 16 8
_}_ 1 i i] i l _1_ _1_] Suy hao, khong can
16 8 16 8 16 8 16 8 bﬁng trén cac RX, RS
e D
1 1 1 11 1 q | &omeDT
|16 8 16 8 16 8 16 8
1 1 1 1] 1 1 1 1]
16 8 16 8 16 8 16 8
[1 1] [ 1 1]
8 4 16 8
_1_ 1 l l] _1_ 1 1 l] Suy hao, khong céan
8 4 8 4 168 16 8 bang trén cac RX, RS
khac DT
11 1 1 1 1 1 ac
8 4 8 4 1 8 16 8
1 1 1 1] 1 1 1 1]
8 4 8 4 16 8 16 8
[16 16] [16 16]

Qua tin hi€u, can bang

[16 16 16 16] [16 16 16 16] trén cac RX, RS gibng

, DT
[16 16 16 16 [16 16 16 16

16 16 16 16] 16 16 16 16]

[16 8] [16 8]
Qué tin hiéu, khong
(16 8 16 8] [16 8 16 8l can bang trén cac RX,
RS gidng DT
[16 8 16 8 [16 8 16 8
16 8 16 8] 16 8 16 8]

[16 8] [8 4]

i4
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Qué tin hiéu, khong

[16 8 16 8] 8 4 8 4]
[16 8 16 8 B 4 8 4
16 8 16 8] 8 4 8 4]

can bang trén cac RX,
RS khac DT

Bang 4: diéu kién kénh truyén va nhiéu PC

Tién t6 tuan U SNR
PC nTX nRX . Kiéu méi1 truong
hoan (dB)
1 1 2 Binh thuong | TDLC300-100 Thap 5,7
2 1 4 Binh thuomg | TDLC300-100 Thap 0,4
3 1 8 Binh thuong | TDLC300-100 Thap 3,3
Bang 5: két qua thuc nghiém véi RL va PC khac nhau
Co APR Khong c6 APR
RL PC nRX
PACK (%) | PA2N (%) | PACK (%) | PA2N (%)
1 2 1,321 0,778 12,110 0,854
1 2 4 4,444 0,564 47,353 0,863
3 8 6,257 0,376 92,798 7,909
1 2 1,761 0,498 6,778 0,612
2 2 4 4,198 0,473 16,863 0,612
3 8 6,300 0,343 35,993 0,879

15
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1 2 1,512 0,212 3,676 0,439
3 2 4 4,179 0,438 6,975 0,609
3 8 6,152 0,345 10,194 0,651
1 2 56,817 0,713 62,627 0,928
4 2 4 10,498 0,509 12,991 0,903
3 8 4,001 0,447 6,857 0,601
1 2 7,512 0,552 27,134 0,815
5 2 4 4,625 0,518 12,899 0,864
3 8 4,100 0,408 9,512 0,715
1 2 7,445 0,454 29,298 0,517
6 2 4 4,102 0,472 11,869 0,666
3 8 5,011 0,396 9,302 0,489

Véi RL va PC khéc nhau, Bang 5 chira cac gia tri PACK va PA2N la két qua thuc
nghiém khi ¢6 va khong c6 APR trong gidi ma tin hiéu.

Trudng hop RL mot, APR céi thién 16 rét PACK khi tin hiéu thu suy hao nghiém
trong trén moi RX. Cu thé, APR duoc ap dung va PACK thap hon bay phan trim tiry vao

s6 ang-ten thu bit chap tin hidu thu chi bang mot phan muoi sau d6 16n mong mudn. Nguoe

lai, x4c sudt mat ACK cao hon chin muoi ph?m tram trong h¢ tdm ang-ten thu khi d¢ 16n

tin hi€u thu khong duoc diéu khién.

PACK chénh 1éch khoang nam phan trim gitta c6 va khong c6 APR véi hé hai RX
va RL hai trong Bang 5. Miic chénh léch 1én dén ba muoi phan tram khi nRX ting.

16
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Trong sang ché, tin hiéu thu khong nhiing suy hao khong cén bang gitta cic RX ma
con giita RS va DT nhu v6i RL ba trong Bang 3. Khi APR diéu khién ddc 1ap cong suit
tin hiéu thu RS va DT, PACK khoang mét, bon, va sau phﬁn tram tuong ung hai, bon, va
tam ang-ten thu va xac suat nay thip hon khoang bon phan tram khi khong c6 APR.

Pbi 1ap suy hao, d6 16n tin hi€¢u thu 16n hon d6 16n mong mudn mudi sau 1an khi
RL bing bén. Do gidi han sb bit, qua d6 16n tin hiéu ciing gdy bdo hoa va sai léch trong
tinh toan xir 1y s6 tin hiéu. Vi APR giam d6 16n tin hiéu thu, xac suat mat ACK ciing giam
so voi khong c6 APR nhu trong Bang 5.

Véi RL nam, tin hiéu thu bi qua d6 16n va khong can bang trén cac dng-ten thu.
Viéc ding APR cai thién PACK hai muoi phan tram trong hé hai ang-ten thu, va khoang
nim dén tam phéan trim twong @ng hé tam hay bon RX.

Tuong tu suy hao, qua d6 16n tin hiéu thu trong sang ché gom trudong hop khong
can bang giita cac RX va giita RS véi DT. D6 16n tin hiéu thu RS gap d6i DT nhu dinh
nghia trong Bang 3 khi gia tri RL bang sau. Theo Bang 5, PACK lan lugt duoc cai thién
khoang hai mwoi ba phan tram, bay phan tram, va bon phan tram khi sir dung APR véi hai,

bon, va tam ang-ten thu.

Bén canh x4c suit mat ACK, x4c suat giai ma sai ACK thanh NACK (PA2N) 1a
tiéu chi quan trong danh gia hiéu ning giai ma tin hiéu cia PUCCH F2. Véi SNR c¢6 dinh
trong Bang 4, PA2N trong Bang 5 khong ¢ chénh I€ch 16n khi c¢6 hay khong dung APR
trong da s6 trudong hop. Tuy nhién, APR cai thién PA2N tir khoang tam phan trim xudng
khong phﬁn tram khi RL béng mot trong hé tam ang-ten thu, qua d6 nang cao hiéu suat
hoat dong cua toan hé théng.

Tur Bang 5, chénh 1éch hiéu nang giai ma tin hi¢u khi c6 APR dugc phan anh 10 rét
khi suy hao cin bang trén cac ang-ten thu tmg véi RL bang mot. Do vy, SNR thay doi tir
thap dén cao ngoe‘ti gia tri ¢ dinh trong Bang 4 nham danh gia d6 rong ving hoat dong
hiéu qua cua APR.

17
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Béang 6: két qua thuc nghiém vé1 dar SNR va RL b?mg mot

Co APR Khong c6 APR
SNR
nRX
(dB)
PACK (%) | PA2N (%) | PACK (%) | PA2N (%)
2 94,512 6,781 99,903 62,826
-10,0 4 92,990 5,764 99,673 60,440
8 84,874 2,118 98,004 56,672
2 67,331 0,465 91,746 54,679
-5,0 4 53,376 0,990 95,092 39,352
8 18,553 0,899 97,937 6,000
2 21,735 0,553 67,719 6,987
0,0 4 6,656 0,986 47,315 0,296
8 1,776 0,323 42,616 0,328
2 2,001 0,121 16,052 0,491
5,0 4 1,176 0,459 6,035 0,712
8 1,012 0,644 1,287 0,907
2 1,312 0,439 1,537 0,873
10,0
4 0,053 0,200 1,918 0,286

18
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8 0,727 0,178 1,439 0,133

Bang 6 thé hién két qua thuc nghiém gom cac gia tri PACK va PA2N véi nRX khac
~ nhau trong diéu kién RL bang mot, kiéu méi truong “TDLC300-100 Thap”, va SNR bién
dong trong dai rong.

Khi SNR ¢6 gia tri am muoi dB, APR giam 16 rét PACK trong hé¢ tdm ang-ten thu,
va khong c6 nhiéu khac biét so véi khong ding APR trong hé hai hay bon ang-ten thu. Mt
khac, PA2N cai thién dang ké tai moi nRX véi mirc giam hon nim muoi phan tram khi
dung APR. Nhu vy, APR hoat dong hiéu qua tai mac nhiéu I6n trong gidm x4c suat gidi
m3 sai ACK thay vi xac suat mat ACK.

Tai mitc nhiéu c6 SNR am nam dB, PACK trén chin muoi phﬁn tram khi khong
ding APR, x4c sut nay giam con khoang bay muoi phan trim, nim muoi phan trim, va
hai muoi phan trim khi 4p dung APR trong hé hai, bon, va tam RX. Vi vy, APR cang
hiéu qua khi nRX cang 16n vi mic gidm PACK cang 16n. Tréi lai, APR that su cai thién
PA2N khi nRX cang nhé véi chénh 1éch PA2N khoang nim muoi phan tram, bon muoi
phin trdm, va siu phan trim trong hé hai, bdn, va tim RX. Tur két qua PACK va PA2N,
APR cai thién 10 rét PACK khi nRX 16n, va PA2N khi nRX nho.

Trong Béang 6, mic dit PA2N khong c6 nhiéu khéac biét khi ding APR khi cong suat
tin hiéu trén nhiéu ngang nhau véi mitc SNR khong dB, APR lai cai thién 10 rét PACK véi
d6 101 x4c suat 1én dén hon bén muoi phﬁn tram. Qua do, APR hiéu qua tot vé giam thiéu

xac suat mat ACK hon 1a x4c suat giai ma sai ACK tai muc nhiéu nay.

Vi gia tri SNR bﬁmg nam dB, két qua thuc nghiém cho théy APR chi that su cai
thién PACK v6i cau hinh hé thong c6 hai hay bon ang-ten thu. Ngoai ra, PACK trong hé
tam ang-ten thu va céc gia tri PA2N khong c6 chénh 1éch so v&i két qua giai ma khi khong
dung APR.

Trudng hop cong sudt tin hiéu 16n hon cong suat nhiéu nhiéu lan, APR khong cai
thién hiéu ning giai ma tin hiéu rd rét khi tat ca xac suat tai mitc SNR mudi dB trong Bang
6 déu thap dudi hai phan tram.

T céc két qua trong Bang 6, APR trong sang ché c¢6 ving hoat dong hiéu qua rong

khi cho phép SNR bién dong tir &m muoi dén nam dB. Tuy vao miac SNR va s6 dng-ten
thu, PACK hay PA2N hay ca hai cung dugc cai thién khi dung APR.

19
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Yéu ciu bao ho

1. Phuong phap diéu khién doc lap cong suat tin hidu thu trong diéu kién séng kém
gb6m bbn budc:

budc 1: tai tao va tinh tham chiéu cua tin hiéu phat, gém cac budc:

budc 1.1: tai tao tin hiéu phat:

tai 16p vat Iy (physical layer — L1/PHY), tin hi¢u phat X ¢ duoc tai tao tu c4u hinh hé
théng va kénh gui tir 16p diéu khién truy nhap médi truong (media access control —
L2/MAC); v6i L ki tu trén mién thoi gian, X 12 hop ctia cac tin hiéu phat X }gls} tai ting ki
tu l:

L - . P
XRS=UX}§S}=LX§§ X o Xig | (29)
=1

X SS} duge biéu dién trén mién tan s6 13 hop cta tit ca KRS séng mang con (sub-carrier
- SC):

_ , a0, el vin] ]
ng} Re[X |t ]ImLX e ]
12 1.2} oo Vil
XéﬁzlﬁXﬁg’k}: x| | Rel kim0
k=1 (30)
LKRS 7 r
X _Rﬁjﬁf“_+jmhgﬁf“q

trong d6 ngk} 1a s6 phtrc cu tao tir phan thuc (real — Re), 40 (image — Im), va don vi phitc
j nham biéu dién SC thir k tai ki tu [;

bude 1.2: tinh tham chiéu cia tin hiéu phat:

tham chiéu ||X ,E,‘; || ctia tin hiéu phat 1a trung binh gia tri tuyét d6i phan thuc va 4o ciia
tat ca KRS SC g véi ki tu [:

Sfre[ £+ Y m{ 6]
HX | B < h
2KRS

20
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d6i v6i cAu hinh kénh 6 L ki tw, hop ciia tit ca cac ||X ,22 || 14 tham chiéu cua tin hidu

phét || Xgs || trén mién thoi gian:

L
[l =U

X34

-] 2

budc 2: boc tach doc l1ap va tinh do 16n cia tin hi¢u thu, g6m cac budc:

- ] &

budc 2.1: boc tach doc 1ap tin hiu thu:

vé mit khong gian vdi R dng-ten thu, tin hidu thu bang goc mién tan s6 ¥ tir don vi
v tuyén tir xa (remote radio unit — RRU) 12 hop ctia tin hiéu thu trén toan bd dng-ten thu:

R
r | 1 r{l‘} — r}f{l} }7{2} L }7 {R}—I

I:U}“

r=1

(33)

trong do, Y} 13 tin hiéu thu trén ang-ten thu r;

Y} 14 ma trdn chia L c6t tuong tng véi L ki tu vé mat thoi gian, mdi cot 1a tin hiéu
thu YU tai ki tu L:

Y G M LR ] Y

tai ang-ten thu r va ki tu [, tin hiéu thu Y chira hai loai SC: tham chiéu

(demedulation reference signals — RS) Y,g‘l} va dir liéu (data— DT) Yg;'l}:
iy _ yirl} {r}
P =T Uy (35)
vi RS va DT binh déng trong c4u hinh PUCCH F2, Y9 va Y'Y duge xir 1y doc lap:
RS DT

e 7| R[EE e jm F ]
RS

k=1 (3 6)

_ y R{g,z,KRS} | I Re [ ¥ R{g,z,KRs}] + ] Im [Y R{g,l,KRS} ]

21
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] [ el emfi)
yirh Kfj yi Y D{;,z,z} _ Re [YD{;’Z’I}— +jIm _Yb{;l’l}]
S (37)
.l ! _ _
_Yng KDT} 1 |Re |:Y[§;,l,KDT} +jIm YérT,l,KDT}:l

trong d6, YrH va Y"H 1n luot chita KRS va KDT s6 phirc trong tmg KRS va KDT SC vé

mat tan 56;
budc 2.2: tinh d6 16n cia tin hiéu thu:

ng-ten thu 7, ki t I, va SC RS, ||V, | 12 d6 16n tin hiéu thu va 1a trung
binh gia tr1 tuyét dbi ph?m thuc va ao cua toan bo KRS SC:

Re[Ygg“}]+I§‘1m[yg;’l”f}}|

KRS (38)

(

4 re
o vol
vily VUL

KRS

2.

k=1

K-

{mg véi ang-ten thu 7, ki tu [, va SC DT, ||Y79|| twong tw 12 d6 16n tin hiu thu va
1a trung binh gia trj tuyét d6i phan thuc va 4o ctia toan b KDT SC:

KZDT Re[ 1]+ %‘hn[yg;’”‘}}
== = (39)
2KDT

bude 3: tinh ngudng tham chiéu, tinh d6 1oi, va diéu khién cong suat, gbm cac bude:
bude 3.1; tinh ngudng tham chiéu:

tir tham chiéu cua tin hiéu phat ”X gs} II ngudng tham chiéu tai THR ki tu [ 12 gidi han

trén dudi vai hai tham so dau vao nl va n2:

{
THR £ i—f“ﬂ"z x4 ﬂ[21;2l3} (40)
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trong d6, n1 va n2 dugc xac dinh bang thuc nghiém; mit khac, ngudng tham chiéu
duoc gidi han trén va dudi boi [21; 23] nham dam bao d 16n tin hiéu thu 13 dwong va nhé
hon mudi sau don vi théng tin (bit) trong xir 1y s tin hiéu & hé nhi phén;

budc 3.2: tinh do loi:

d6 101 nBitgs/pr khi diéu khién doc 14p cong suét tin hiu RS va DT dugc tinh bing
cach so sanh || V5] va |77 (goi chung 1a || Y5573 -|]) voi THR. Néu ||YA573 || 16m hon
ngudng tham chiéu THR, thi mong mudn gidm d6 16n cua tin hiéu thu; d6 16n méi caa tin
hiéu thu [|Y2573, || giam mot nira trong hé thap phan va twong dwong dich phai mot bit

trong xit 1y s6 tin hiéu & hé nhi phan:

i | -
HY RS/DT|[~ (41)
d6 1gi nBitgs pr do d6 gidm mdt don vi véi gié tri ban dau bang khong:

1ap lai bude giam d6 16n tin hiéu thu va gidgm d6 loi cho dén khi [|v, "] khong con
i6n hon THR,; ngugc lai voi trudng hop [|Yi5/5, || 16n hon THR,, khi [|Y4573, || nhé hon
THR, thi cAn ting d6 16n cia tin hiéu thu; do 16n méi cta tin hiéu thu ||YS57) || tang gap

doi trong hé thap phén va tuong duong dich trai mot bit trong xur ly sO tin hiéu & hé nhi

phan:
v o llytd
Vel = 2\ Vesior (43)
do 1oi nBitgs/pr do d6 ting mot don vi vdi gia tri ban dau bang khong:
nBit 5, = 0Bit gy +1 (44)

trong khi ||Y, %3] con nhé hon THR, thi Iap lai cac bude ting d6 16n tin hiéu thu va

tang do loi; do loi cudi cung nBitgg/pr thu dugc khi ”Ylg/%T“ thudoc THR;

budc 3.3: diéu khién cong suat:

23
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tai ki tu [ va dng-ten thu r, tin hiéu thu RS/DT R{g/l,}ﬂ 14 tin hiéu dugc diéu khién

{r1} .

cong suat va 1a tich ciia hai mi dd loi va Yy RS/DT"

I}{U} :21]B1tRS/DTY{ 1}

RS/DT RS/DT (45)
trén tat ca L ki tu, tin hiéu thu RS dugc diéu khién cong suat ?,SS‘} la hop cua cac ?R{g’l}:
Yoowd ol pbd pin
rl r, r, r,
USRS R A ] 46)
=]

twrong tu RS, tin hiéu thu DT 7,7} trén ang-ten thu r va L ki tuw duge hop tir cée iy,

i =Q =[5 75 (@7)

budc 4: ude luong kénh, can bang kénh, gidi ma kénh, va théng ké két qua:

tai L1, 717 va 7% duoc dimg cho uéc hwong kénh, cén bang kénh, va giai ma kénh,
nhim thu: cac thong sb vé chét luong kénh va chudi bit; chudi bit cling dugc dung cho
théng ké két quatai L1 vé x4c suét giai ma sai hay mat bit xac nhan dd nhan duoc dit lidu
(acknowledgement — ACK) trong: diéu kién song kém, cong suét tin hiéu trén cic dng-ten
thu bi 1éch, hay cong suét tai DT khac RS.
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