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(57) Sang ché thuc hién céi tién hiéu ning giai ma tin higu kénh diéu khién dudng lén
16p vat 1y dinh dang hai trong hé thong vién thong di dong thé hé th nam. Bang viéc 4p
dung 1y thuyét dai s6 tuyén tinh, ma tran tuyén tinh, xac suat thong k8, va chuan héa cong
suét trung binh tin hidu va nhidu dya trén tim kiém gia tri 16n nhat, sang ché thyc hién thuét
toan giai ma tin hiéu theo sdu budc sau: bude 1: udc luong kénh; bude 2: cén béng kénh
va hop ang-ten; budc 3: gidi 4nh xa; budc 4: giai xao bit; budc 5: gidi ma bit; budc 6: théng
ké két qua. Hidu qua cta phuwong phap duoc kiém chung bang két qua thuc nghiém véi
céc thiét bi hién dai. Qua d6 chung minh tinh kha dung trong céng nghiép khi dap ung céac

yéu cau ki thuat do 3GPP quy dinb.
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Linh vue ki thuét dwgc dé cap

Sang ché dé xuat phuong phéap cai tién hiéu nang giai ma kénh didu khién duong
1én 16p vat 1y dinh dang hai béng chuan hoa cong sut trung binh tin hiéu va nhiéu. Cu thé,
phuong phap duoc dé xudt trong sang ché dugc Gmg dung trong vién thong di dong thé hé

thr nam.

Tinh trang ky thuit cia sang ché

Trong thong tin di dong, duong lén (Uplink) la quy udce chiéu truyén tin hiéu tir
thiét bi nguoi ding (User Equipment — UE) dén tram gdc (Base Station — BS). Xé4c nhén
da nhan duoc dir liéu (Acknowledgement — ACK) dong vai tro quan trong trong truyén
nhén tin hiéu gitta UE va BS vi lién quan dén truyén lai. Truyén lai khi khéng can thiét
dan dén tac dong tidu cuc vi chiém tai nguyén, bang thong va thoi gian xtr 1y toan hé thong.
Do cac yéu t6 thuc té nhu kénh truyén va nhiéu, viéc giai ma don vi thong tin (bit) tai BS
bi anh hudng khi UE c6 hay khong gui tin hiéu, gay mét hay nhan sai ACK. Trong hé
thdng vién thong di dong thé hé thir nam (Fifth Generation — 5G), ACK dugc giai ma boi
kénh didu khién duong 1én 16p vat Iy dinh dang hai (Physical Uplink Control Channel
Format 2 — PUCCH F2). Sang ché giam xac suat giai ma sai hay méat ACK bang chuan hoa
cong suat trung binh tin hiéu va nhiéu dva trén tim kiém gi4 tri 16n nhat. T d6, nang cao
tinh chinh x4c ctia bude uée luong kénh va ti sb cong sudt tin hiéu trén nhiéu (Signal-to-
Noise Ratio — SNR). Néi cach khéc, hiéu nang giai ma cia PUCCH F2 duoc cai thién hiéu
qué, chinh xac véi két qua duoc xac nhan thong qua céc bai kiém tra thuc nghiém.
Ban chit ky thuit ciia sang ché

Vé mat ky thuét, sang ché giup t6i thiéu hoa ti 18 1i trong viéc nhan va giai ma
thong tin tai BS khi UE c6 hay khong gui tin hidu, gop phén nang cao chat lugng dich vy,
t6i da hoa dung luong va bang thong hé thong.

Pé dat duoc muc dich trén, phuong phap duoc d& cap trong sang ché bao gom cac
bude:

Budc 1: udc luong kénh: udc lugng ma tran kénh truyén, SNR, va coéng suat tin
hiéu va nhiéu dua trén tin hiéu nhan dwoc tai mdi ang-ten; |
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Budc 2: can bé'mg kénh va hop dng-ten: tai tao tin hi¢u truyén di, triét tiéu nhiéu, va
hop tin hiéu thanh mot ludng duy nhét;

Budc 3: giai anh xa: 4nh xa ngugc cac ky ty thyuc 40 vé dang véc-to cot;

Budc 4: giai x4o bit: bién ddi ngugc chudi bit vé gidng chudi bit ban dAu truyén di;

Budc 5: giai ma bit: xac dinh trang thai truyén tin hiéu, va tra ra gia tri chudi bit goc
néu 1a trang thai thuc truyén;

Bude 6: théng ké két qua: dya vao trang thai truyén va gia tri chudi bit gbc dé thong
ké cAc xéac suét va so sanh véi yéu cdu cua chuan.
Mo ta van tit cac hinh vé

Hinh 1 1a hinh v& thé hién luéng xu 1y tin hiéu cia PUCCH F2;

Hinh 2 13 hinh vé& thé hién budc udc lugng kénh;

Hinh 3 14 hinh v& thé hién thanh phan séng mang cia PUCCH F2;

Hinh 4 13 hinh vé& thé hién budc ude lugng cong suat trung binh tin hiéu;

Hinh 5 13 hinh v& thé hidn bu6c chudn héa cong suat trung binh tin hiu va nhiéu
dua trén tim kiém gia trj 16n nhat;

Hinh 6 14 hinh vé& thé hién budc can bang kénh va hop dng-ten;

Hinh 7 12 hinh v& thé hién budc giai anh xa;

Hinh 8 12 hinh v& thé hién budc giai xao bit;

Hinh 9 13 hinh v& thé hién budc giai ma bit: bd giai ma Rit-mun-lo (Reed-Muller —
RM);

Hinh 10 14 hinh vé& thé hién budc giai ma bit: bd giai ma cuc (Polar — PL);

Hinh 11 14 hinh v& thé hién budc théng ké két qua;

Hinh 12 14 hinh v& thé hién phan ctng cua thuc nghiém.
M3 ta chi tiét sang ché

Sang ché ap dung ly thuyét dai sb tuyén tinh, ma tran tuyén tinh, xac sut thong ke,
va chuin hoa cong suét trung binh tin hiéu va nhidu dva trén tim kiém gié tri 16n nhit dé
cai tién hiéu nang giai ma PUCCH F2 trong 5G.
Hinh 1 khai quat qué trinh giai ma tin hi¢u bang gbc cia PUCCH F2. Trong khi kénh
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truyén dugc udce lugng nhd tin higu Y{ tai mdi ang-ten thu r, budc can bang kénh giup
{4i tao tin hiéu truyén di va triét tiéu nhidu. Chudi tin hiéu duy nhat bing hop dng-ten dugc
14n luot giai anh xa, gidi x40 bit va giai ma bit nhdm thu trang thai truyén tin hi¢u va ACK
(trwong hop UE ¢6 truyén tin hidu). Hiéu nang giai ma cia PUCCH F2 dwoc danh gia bang
thong ké cac xé4c suét lién quan.

Cu thé, noi dung cic bude thyuc hién sing ché nhu sau:

Budce 1: wdc luong kénh;

Budce 1.1: mé hinh ma trin tuyén tinh:

Cong thuc (1) din ta quan hé gitra tin hi¢u X do UE phat, ma tran kénh truyén H

tin hiéu Y tai dng-ten thu r, va nhiéu N.

YW =g X+ N 1)
Hinh 2 md ta thuit todn xac dinh H ) dya vao X va Y3, Trong khi X duoc tai tao
bing diéu ché bang gbc tlr cac tham s6 da biét, YU 1a tin higu thu duoc bang cach trich
xuét toa ¢ PUCCH trén ludi tai nguyén mién tan s tai Ang-ten 7.
Bude 1.2: trich xut tin hiéu tham chiéu (demodulation reference signals — DMRS):
Trong 5G, mdi 6 tai nguyén (Resource Block — RB) chira muoi hai song mang con
(subcarrier) mién tan sé nhu trong Hinh 3. C4c séng mang con chua tin hiéu tham chiéu
(DMRS) dugc sdp xép xen k& voi cac song mang con chura tin hiéu dit liéu (DATA) trong
PUCCH F2. Véi toa d6 cac DMRS trén ludi tai nguyén vat ly da biét, YR{;} va Xgs 12 tin
hiéu tai cic DMRS bing trich xudt Y va X.

vl = DMRS(Y") @)
Xy = DMRS(X) (3)
trong do: DMRS la budc trich xuét tin hiéu tai cac DMRS;
Budc 1.3: ma tran kénh truyén diéu kién khong nhiéu;

Néu N trong cong thic (1) dugc bo qua, ma tran kénh truyén HLS }{é} tai cac DMRS

va dng-ten thu r nhu sau:

rb_ r '
HLSY =Y X s (4)
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X s = conj(Xpy) (5)
trong d6: Xps 14 lién hop phirc ctia Xgs qua phép tinh conj;
Budce 1.4: ude luong kénh:
Tai ang-ten thu r, ma tran kénh truyén H™ duoc woc lugng tir H LS,E? vaW:
H" = HLSUIw (6)

Trong cong thitc (6), W 1a ma tran trong s6 Bét-xeo (Bessel) va dugc tinh tir SNR
d&-xi-ben (SNR in Decibel — SNR(@F}). Néu 1an chay vong 1ap tinh toan la lan dau thi
SNRUP) 13 hing s6 SNRI), nguoc lai 1a SNRYY. trong budc 1.8,

Buée 1.5: trich xuét ma tran kénh truyén tai cac DMRS:

H}{Q ] ma tran kénh truyén tai cic DMRS va ang-ten thu r béang trich xuat H nhu
trong cong thuc (7):

1’1 r
HY = DMRS‘(H{ }) )

Budce 1.6: udc luong cong suét tin hiéu (CSTH) va cong suét nhiéu (CSN):

Dua vio quan hé tuyén tinh trong cong thirc (1), ma tran tin hiéu S 1{2? va nhiéu N }gg}

tai cac DMRS va ang-ten thu  duogc tinh.
Sis = Hig X ®)
/V} _ {r} r _ r r
Nzles =Yg —HieS}XRS —Yzﬁs} _S}{esI 9)

S ,{Q va N ,Eg} trong cong thic (8) va cong thic (9) duge dién dat dudi dang ma tran

s0 phurc nhu sau:

RS, + IS,
si-| TR (10)
| RS, pumsse + IS purssc
I RN, + jIN,
Y B (1)
LRNYIDMRSSC + ] IN nDMRSSC

4
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trong do:
-RS 1a phén thuc tai cic DMRS cua ma tran tin hiu;
-1S 1a phﬁn 4o tai cac DMRS cua ma trén tin higu;
-RN la phé‘m thuc tai cac DMRS ctia ma tran nhiéu;
-IN la phém a0 tai cac DMRS cua ma trén nhiéu;
- j la don vi 40;
-nDMRSSC 14 s6 song mang DMRS;

Bién dd sb phurc tai cic DMRS trong cong thirc (10) va cong thuce (11) dugc tinh nhu
sau:

2

(RS,) +(1S,)

Mag(Sz{e’:v}) = \/(Rsz)z-"'(ISz)z (12)

_\/(RSI‘IDMRSSC )2 + (‘[SnDMRSSC )2 a

 Jwvyeay
Mag(N,{a;}): \/(7RNz)2.+<]NZ)2 o)

BN e+ (Nossc) |

Cong suét tin hiéu va nhiéu tai cac DMRS va dng-ten thu r tng véi khe thoi gian |

1a téng binh phwong céc bién d6 phic:

P <[ (RsY (1) [+ [(RS.) + (55.)" J+-.. (14)
L+ [(RSMDMRSSC )2 + ([SnDMRSSC )2}
P <[ RN+ (1) T+ [(RN) (N ) [+ (15)

ot [(RNHDMRSSC )2 + (]NHDMRSSC )2:‘

Budgce 1.7: trung binh hoa:

Cong thirc (16) va cong thic (17) trung binh hoa cong sut tin hiéu va nhiéu tai dng-

5
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ten thu r va khe thoi gian [ trén moi DMRS.

nDMRSSC /
PS{/(}
]_)U'}[ _ k=l r
S I nDMRSSC (16)
[(rs) (1) [ (85.) (18,) |+ (RS passe ) + (IS s )
- nDMRSSC
nDMRSSC P]é/r} !
2 A=
Yl nDMRSSC (17)
[N () (RN INY o (RN s ) (N s )|
- nDMRSSC

Tuong tw, v6i hé co nRX ang-ten thu, cong thirc (18) va cong thic (19) trung binh

hoa cong suét tin hiéu va nhiéu tai khe thoi gian [ trén moi DMRS va moi ang-ten thu.

nRX /
Sk ol — ! il
o > P PH +BY| 4. +BY
{"J\'} — =1 4 — r=1 r=2 r=nRX 18)
P, (
nRX nRX
el swl g yzialh
— ol Z vo| P +Py o+ By
P{"*l"} _ =l ! — r=1 r=2 r=nRX (19)
N nRX nRX

Cong sut trung binh tin hiéu va nhidu trén mdi DMRS, mdi dng-ten thu, va mdi
khe thoi gian duoc tinh khi biét sd khe thdi gian nSYM nhu trong Hinh 4. Trong 5G
PUCCH F2, nSYM c6 gia tri la mot hay hai.

NS
z PS{"}| F{r,k} =1 + F{, k) /=2 N . ﬁ{r.k} 1l=nSYM
}_){r,k,[} _ =t _ s S g (20)
¥ nSYM nSYM
nSYM __{ l'} 1 . - o
LA ) @1
nSYM nSYM

Véc-to cdng suét trung binh tin hiéu Ps dugc dinh nghia la tp hop cua Iss{r’k’l} trong

_ !
cbéng thirc (20) va cac Ps{r’k}l trong cong thirc (18):
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Hirk,l}
P{*H)
S

=1

ﬁS{r,k}

o | =2 (22)

[
Il
B
=

[=nSYM

P{/‘,k}
LS i

Tuong tu ddi véi véc-to cong sut trung binh nhiéu Py:

= ]
PA{/] ,/(,[}

P, = Bl "=2 (23)

Budc 1.8: chuén hoa cong suat va ude lugng SNR (EstSNR):

Theo 1§ thuyét xir 1y tin hidu, SNR'2 13 SNRU} duge wde luong nhw sau:
p’{r,/\',[}
SNRI™ =10log,, (:S{,—,}J (24)
PN

trong do: log,, 1a 16-ga-rit co s6 10;

Thay vi cong thuc (24), SN R,{;Zf} duoc ude luong tu gia tri da chuén hoéa cua cong
suét trung binh tin hiéu va nhiéu trong sang ché nay. Bugc chuan hoa cong suét trung binh
tin hiéu va nhiéu dya trén tim kiém gia tri 16n nhét duoc trinh bay trong Hinh 5. Trong
Hinh 5, ||Ps|| va ||Pyl| 1& cong suét trung binh tin hiéu va nhiéu dugc chuéan hoa:

DAk}

= P,

“PS ” = max ( __S{r Al ’F_)S{,,i,} =2 N ,Eg{"’k} I=nSYM j (25)
_ E{"»/'~’}

“PN “ - max(—N{r = ,]7{"’:} =2 ’ ,P_,é"‘k} msm) (26)
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Trong cong thic (25) va cong thire (26), max la phép tim gid tri 16n nhit trong tap
_ _ Lo _ l X
cac gia tri. Cac gia tri PS{T'R’”, PS{T’k}| , P,\{,r'k’l}, va PA{,r'k}l da 1an luot cho trong cong thitc
(22) va cong thuc (23).

T cac gia tri || Pg|| va ||Pyll, SNR,{;;f} dugc udc lvong nhu cong thire sau:

P,
SNRI™ =101log,, (Hﬁ—i“} (27)

SN R,{;;f} dung tao trong s6 W trong cong thirc (6) néu 1an chay vong lip tinh toan

khong phai 14 1An diu, nguoc lai thi ding SNRY™. Ca SNRLS) va SNRY™ déu duoc gisi

han gia tri trén dudi nhu sau:

Néu:

[ SNRL SNR)™ | > SNRL (28)
thi:

{SNRgff},SNRgf’B}} — SNR' (29)
Néu

(SN SRS < SNR:) (30)
thi:

{SNRéff},SNRédB}} = SNR'®) G1)

{dB}
min

Trong sang ché, SNRYE), SNRYE) va SNRI® 1an lugt c6 gia tri 1a 30dB, —5dB,

va 30dB.

Mit khdc, trong thudt toan wdc lugng SNR ap dung chuén héa cong sudt trung binh
tin hiéu va nhidu dua trén tim kiém gia tri 16n nhit, s vong 13p tinh toan cang 16n thi két
qué uéc lugng cang chinh xac va nguoc lai. Khi nang lyc tinh toan cua mach xu 1y tin hiéu
s6 (Digital Signal Processing - DSP) ¢6 han, khdi lwong tinh toan 16n d& dan dén qua thoi
gian tinh toan gay sai két qua. Do d6, sang ché tinh toan hai vong lap udc lugng kénh va

SNR nhim can ddi giita tinh chinh xac va thoi gian tinh toan.

8/30



47535

Budc 2: can béng kénh va hop ang-ten;

Trong khi can bang kénh giup khoi phuc tin hig¢u phat va triét nhiéu lién kénh, hop
ang-ten giup thu mot ludng tin hiéu duy nhét tir da dng-ten thu. Lugc dd can bang kénh va
hop dng-ten cho trong Hinh 6 v6i dAu vao 1a cong suét trung binh nhiéu trén mdi DMRS,
mdi ang-ten thu, va mdi khe thoi gian FA{,r’k’l}, ma tran kénh truyén H} va tin hiéu Yy tai
ang-ten thu r. Bude 2 duoc thuc hig¢n nhu sau:

Budc 2.1 trich xuit cac diém dit lidu (Data — DATA);

Trong PUCCH F2, tém song mang con chira DATA duoc xép xen k& voi bbn song

mang con chira DMRS nhu trong Hinh 3. Nhu véy, v6i toa dd cac DATA da dugc xac dinh

trén lu6i tai nguyén mién tan s6, H },23 va YD{;} duogce trich xuét tr H™ va Y1} nhu sau:

HY = DATA(H{"} ) (32)

vl = paTA(Y") (33)

trong d6: DATA 1a budc trich xuét tin hiéu tai cac DATA,;
Budc 2.2: cin bang kénh;

Ma tran can béng kénh EQ duogc tinh nhu sau:
H ——
EQ= inv((H,{;‘}) HYl 4 BT ) (34)

Trong (34), H 1a chuyén vi lién hop phirc Ho-mit (Hermitian), trong khi / la ma tran
don vi va inv 1a phép dao ma tran.

Budc 2.3: hop ang-ten:

Tw céc dng-ten thu, ludng tin hiéu dwoc hop nhét thanh ZDS nhu trong cong thic
(35):

\

zps = EQ(H)) vl 35
Q DT DT ( )

Budc 3: giai anh xa;

Giai 4nh xa chuyén héa cic ky tu trén mat phang phtic thanh ma tran s6 thuc mot

cot voi quy luat phén thuc 4o cua ZDS dugc xép xen k& nhu trong Hinh 7. ZDS duoc dién

dat dudi dang ma trn $b phuc nhu sau:
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zos|,  zos| - zos| ]
=1 =2 [=nSYM
s <| ZPSl zDS|~, - ZDS|
=1 1=2 1=nSYM
_ZD S k=nSC k=nSC ZDS k=nSC _| (36)
RZ! + jIZ, RZ}+jIZ} - RZ™ + Iz
| RZy+ iz, RZ}+jIZ} - RZJ™ + jIzy™
RZ,ﬁSC"“JJZiSC RZ/?SC-*-./‘]ZZSC RZ:;??W“']]Z:%M

trong do:

RZ la phén thuc cua ma tran ZDS;

1Z 13 phén 4o ctia ma tran ZDS;

nSC 1a s6 song mang voi hé so k;
- nSYM 1a s6 khe thoi gian véi hé so [

Zre 1a ZDS da trich xuat phan thuc &o va xép theo timg khe thoi gian:

RZ'  RZ} - RZ!™]
1z\ 1zp e 1zZPM
RZ) Rz} - RZ™™
Zre=| 1z,  1Z; - 12} (37)
RZ ;]1sc RZ jsc - RZ r’ggM
L [Z,tsc [Z:SC [Z:SSZM i

Dau ra cua giai anh xa ZDemap 1a ghép noi cua cac khe thoi gian trong Zre:
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RZ,
]ZII1SC
RZ}
17}
RZ;
17?
ZDemap = .
RZ;SC
IZHZSC
RZ ;SYM
1
[Z nSYM
1
RZ™M (38)
[Z nSYM
2
RZ"

L ]Z nSYM

nSC

Budc 4: giai xéo bit;

Nhim tranh viéc cac bit ndm lién nhau giong nhau, ching dugc xao bang budc x40

bit thong qua khoa xdo bit TXKey. Giai x4o bit 1a budc nguge lai voi dau ra ZSeq:

ZSeq = ZDemap(l - 2TXKey) (39)
Budc 5: giai ma bit;

Trong Hinh 8, ZSeq dugc giai ma bit khi:
- D6 dai bit tir 3 dén 11: ding bd gidi ma RM.
- D6 dai bit tir 12 dén 1076: dung b giai ma PL.
Céc truong hop con lai dua ra canh bao khong hd tro giai ma

Trudng hop 5.1: giai ma bit: bd giai ma RM:

11
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Trong Hinh 9, B0, B1, va B2 1a ba chudi bit duoc gidi ma cua ZSeq, ZSeql, va
ZSeq2 khi ZSeq1 va ZSeq? la hai nira cia ZSeq. B0 ba chudi bit dugc so sanh véi nhau:

DO1=Diff (BO,Bl) (40)
D12 = Diff (B1,B2) (41)
D20 = Diff (B2,B0) (42)

trong do:

- Diff 12 0 khi cac chudi bit giéng nhau;

- Diff 1a 1 khi cac chudi bit khéc nhau;

UE khong truyén tin hiéu dén BS (Discontinuous Transmission — DTX) khi bd dénh
¢i4 két qua nhan thdy D01 hay D12 hay D20 khac khong. Nguoc lai la NonDTX khi D01,
D12, va D20 bang khong. Chi tra ra két qua giai ma bit 1a BO khi NonDTX.

Trudng hop 5.2: giai ma bit: bo gidi ma PL:

Truong hop ma hoa PL, ZSeq dugc gidi ma vol dAu ra la két qua kiém tra ghép chap
vong (Cyclic Redundancy Check — CRC) va két qua giai ma bit BO nhu trong Hinh 10.
Khi CRC khong dat, khong cin tra ra két qua giai ma bit vi UE khong giii tin higu dén BS
(DTX). Nguoc lai, két qua giai ma bit la B0 khi CRC dat (NonDTX).

Bude 6: thong ké két qua;

Khi khong truyén (DTX), thuc té van 6 thé giai ma ra ACK bit do anh huong ctia
nhidu nén xac suét vin nhan duge ACK (DTX to ACK probability — PDTX) duoc thong
ké cho ca truong hop dung bd giai ma RM hay PL nhu trong Hinh 11.

Trudng hop thi nhat: giai ma bit bang bo giai ma RM:

Néu ding bd giai ma RM thi thdng ké xac suat ACK bi mat (ACK Mised Detection
Probality — PACK) khi UE truyén ACK dén BS.

Trudng hop tht hai: giai ma bit bang bo giai ma PL:

Néu ding bo giai ma PL thi thong ké xac sut khdi bit bi 16i (Block Error Rate —
BLER). BLER 12 ti s6 s6 khi bit bi 18 trén s khéi bit dugc giri di. Mot khoi bit bi 16i khi
khong truyén tin hidu (DTX) hay chudi bit két qua B0 khac chudi bit gui khi NonDTX.
Vi du thuc hién sang ché
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Trong sang ché, hiéu ning giai ma tin hiéu cia PUCCH F2 duogc kiém chimng bang
két qua thuc nghiém v&i mé hinh phan ctmg nhu trong Hinh 12. Trong Hinh 12, tin hiéu
bang gdc duoc didu ché rdi dwa 1én cao tn va truyén qua moi truong kénh va nhidu bing
méy phét tin hidu R&S®SMW200A tir nha san xuat Rot-sg-vat (Rohde & Schwarz —
RS200A). Tin hi¢u cao thn sau d6 duge thu va chuyén vé& mién tan s6 bang goc boi bo thu
cao tan tam xa (Remote Radio Unit — RRU). Tai BS, bd didu ché bang gbc (Baseband Unit
— BBU) giai m tin hiéu PUCCH F2 v6i thuat toan dugc dé xuét trong sang ché.

Theo tai liéu ETSI TS 138 104 V16.6.0 (2021-01) (TS38.104) muc 8.3.4.1.1 va
8.3.4.2.1 do du 4n dbi tac thé hé thi ba (The 3rd Generation Partnership Project — 3GPP)
ban hanh, PUCCH F2 gdm hai cau hinh nhu trong Bang 1 va Bang 2:

Bang 1: cAu hinh PUCCH F2 dung mot khe thoi gian

Thong s6 Gié tri
Bang thong 100MHz
Khoang cach song mang 30kHz
Kiéu diéu ché QPSK
Chi 6 6 tai nguyén cta khe thoi gian thi nhat 0
Nhay tan Khéng
Chi sb 6 tai nguyén ctia khe thoi gian thu hai (néu co) 269
S6 6 tai nguyén stir dung 4
S6 khe thoi gian
Do dai bit 4
Chi sb khe thoi gian bat dau 13
Dinh danh x40 bit cia DMRS 0

Bang 2: cAu hinh PUCCH F2 dung hai khe thoi gian

Théng sb Gia tri
Bang thong 100MHz
Khoang céch song mang 30kHz
Kiéu didu ché QPSK
Chi s6 6 tai nguyén cta khe thoi gian thi nhét 0
Nhay tan Cé

13
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Chi s6 6 tai nguyén cta khe thoi gian thir hai (néu c6) 264
S6 6 tai nguyén sir dung 9
Sb khe thoi gian 2

Do dai bit 22

Chi s khe thoi gian bat dau 12
Dinh danh x40 bit cia DMRS 0

Muc 8.3.4.1.2 va 8.3.4.2.2 trong TS38.104 ciing quy dinh diéu kién do kiém nhu

sau:
Bang 3: diéu kién do kiém khi PUCCH F2 ding mét khe thoi gian
L < , £ < A LA 1s Kiéu moi
S6 ang-ten phat | SO dng-ten thu Tién t6 lap trrong SNR (dB)
. . TDLC300-100
1 2 Binh thuong Thép 5,7
1 4 Binh thuong TDLC300-100 0,4
Thap
Bang 4: didu kién do kiém khi PUCCH F2 dung hai khe thoi gian
I . I A LA 1x Kiéu moi
SO dng-ten phat | SO ang-ten thu Tién to lap trrong SNR (dB)
1 2 Binh thuong TDLC390-IOO 0,3
Thap
. . TDLC300-100
1 4 Binh thuong Thép -3,4

Trong Bang 3 va Bang 4, SNR 1a ti s6 cong suét tin hiéu trén nhiu dé-xi-ben ctia
nhidu tréng cong don phéan bb Gau-xi-an (Additive White Gaussian Noise — AWGN).

Véi cAu hinh PUCCH F2 dung moét khe thoi gian, PDTX va PACK nho hon 1%
nhu yéu cau ¢ muc 8.3.1.2 va muc 8.3.4.1.2 trong TS38.104. Bang 5 tom tat két qua thuc
nghiém khi PUCCH F2 dung mdt khe thoi gian:

Bang 5: két qua thuc nghiém khi PUCCH F2 dung mét khe thoi gian

S6 ang-ten thu | PACK (%) PDTX (%)
2 0,43 0,66
4 0,73 0,63 |

14



Khi dung hai dng-ten thu, thudt toan giai ma tin hi¢u dam bao PACK va PDTX dudi
1%: trong khi PACK 1a 0,43%, PDTX la 0,66%. Tuong ty, PACK va PDTX lan luot 1a
0,73% va 0,63% véi bon ang-ten thu. Néi cach khéc, cac chi tiéu ki thuat khi PUCCH F2

dung mot khe thoi gian dugc thoa thong qua dp dung chuan hoa cong suét trung binh tin

47535

hiéu va nhiéu dya trén tim kiém gia tri 1on nhat.

Két qua thuc nghiém cia PUCCH F2 dung hai khe thoi gian duoc cho trong Bang
6 khi PDTX va BLER nho hon 1% nhu yéu cau ¢ muc 8.3.1.2 va muc 8.3.4.2.2 trong

TS38.104.

Bang 6: két qua thuc nghiém khi PUCCH F2 dung hai khe thoi gian

S6 ang-ten thu | BLER (%) PDTX (%)
2 0,41 0,18
4 0,53 0,21

15
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Yéu ciu bio hd
|, Phuong phap céi tién hidu ning giai mi kénh diéu khién duong 1én 16p vét ly dinh
dang hai trong vién thong di dong thé hé tht ndm gdm sau budc nhu sau:
budc 1: udc lugng kénh;
buéce 1.1: md hinh ma tran tuyén tinh:
cong thirc (1) dién ta quan hé gitra tin hiéu X do UE ( thiét bi nguoi dung) phat, ma
tran kénh truyén H3 tin hiéu Y tai ang-ten thur, va nhiéu N:
W =HX+N (1)

trong khi X duoc tai tao bang diéu ché bang gbc tir cac tham s6 da biét, Y 1a tin
hiéu thu duoc bang cach trich xuét toa @0 PUCCH trén ludi tai nguyén mién tin s tai dng-
tenr,

budc 1.2: trich xuét tin hiéu tham chiéu (demodulation reference signals — DMRS):
véi toa dd cic DMRS trén luéi tai nguyén vat 1y da biét, Y7 va Xgs 1a tin hiéu tai
cac DMRS béng trich xudt Y va X:

v = DMRS(Y") )

Xy =DMRS(X) (3)
trong d6: DMRS 1a budec trich xuét tin hiéu tai cic DMRS;
budce 1.3: ma tran kénh truyén diéu kién khong nhiéu:

néu N trong cong thic (1) duge bo qua, ma tran kénh truyén HLS ,{é} tai cac DMRS

va ang-ten thu r nhu sau:
HLSY = Y1 X (4)
X o :conj(XRS) (5)
trong d6: Xgs 1a lién hop phitc cua Xgs qua phép tinh conj;
budc 1.4: ude luong kénh:
tai ang-ten thu r, ma tran kénh truyén H" duoc wée luong tr HLS ,E,g} vaW:
H" =HLS\Iw (6)

16
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trong cong thirc (6), W 1a ma tran trong sb bét-xeo (Bessel) va duoc tinh tir SNR
dé-xi-ben (SNR in decibel — SNR'®PY); néu lan chay vong lap tinh toén la lan dau thi
SNR'} 13 hing s6 SNR({JdB}, nguoc lai la SNR,{;if} trong budc 1.8;

bude 1.5: trich xudt ma trdn kénh truyén tai cic DMRS:

H,{;S} ]a ma tran kénh truyén tai cac DMRS va ang-ten thu r bing trich xuit H nhu

trong cong thurc (7):
H}) = DMRS(H" ) (7)
bude 1.6: uéc luong cong sudt tin hidu (CSTH) va cong suit nhidu (CSN):

dua vao quan hé tuyén tinh trong cong thire (1), ma tran tin hiéu S IE,TS} va nhiéu N ég}

tai cac DMRS va dng-ten thu r dugc tinh:

Skl = HY) X i ®)

!

) ) l vl -
Ny =7, _Hf{QSXRS_YIiS}—S{} 9)

RS RS RS

51{2? va N ég} trong cong thic (8) va cong thirc (9) duoc dién dat dudi dang ma tran
s6 phtrc nhu sau:

RS, + IS,

RS, + JIS,

Sl = (10)

RSnDMRSSC + j]SnDMRSSC

RN, + jIN,

RN, + jIN,

N = (11)

_RNI1D1\/IRSSC + jINnDMRSSC
trong do:
RS la phém thuc tai cic DMRS ctia ma tran tin hicu;
IS la phﬁn 4o tai cac DMRS ctia ma tran tin hiéu;
RN la phﬁn thuc tai cac DMRS cua ma trén nhiéu;

IN la phén a0 tai cac DMRS cua ma tran nhiéu;
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17/30



47535

Jj 1a don vi ao;
nDMRSSC 1a sb song mang DMRS;
bién d6 s6 phirc tai cac DMRS trong cong thirc (10) va cong thuc (11) dugce tinh nhu

sau:

(RS,) +(18,)

Mag(S,{Q): \/(R52)2'+(152)2 "

_\/(RSnDMRSSC )2 + (ISHDMRSSC )2 |
o Jmvyeavy

Mag(N,{;;)= \/(RN2)2.+(]N2)2 -

L\/(;NnDMRSSC )2 + (INnDMRSSC )2 |

cong sudt tin hiéu va nhiéu tai cac DMRS va dng-ten thu r img v&i khe thoi gian |

1a tong binh phuong céc bién do phirc:

P =[(Rs)) (1) [ [(RS.) (152 ] (19
ot [(RS,,DMRSSC ) + (IS, pysmssc ) ]
P/\{,k]’ i - [(RNI)2 +(]N1)2}+[(RN2)2 +(]N2)2]+"' (15)

2 2
ot [:(RNHDMRSSC) + ([NHDMRSSC) J
budc 1.7: trung binh hoa:
cong thuc (16) va cong thirc (17) trung binh hoa cong suét tin hiéu va nhidu tai ang-
ten thu r va khe thoi gian [ trén mdi DMRS:

nDMRSSC /

z p{k}

— il S
{/"} _ k=1

» nDMRSSC (16)

(RS, +(15)" |+| (RS, +(I8,) oo (RS s ) (IS esse) |
nDMRSSC

18
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nDMRSSC /

pl
s _
Yl nDMRSSC a7
(RN () ]| (RN (1N, oo+ [ (RN esse )+ (N s V]
- nDMRSSC

tuong tu, véi hé c6 nRX ang-ten thu, cong thue (18) va cong thie (19) trung binh

hoa cong suét tin hiéu va nhidu tai khe th&i gian [ trén m6i DMRS va mdi dng-ten thu:

/

nRX
!

Ty

Bl s Stk
S| Z—;PS l” PS{ }“—1 +PS{ } =2 =nRX
PS ’ — 1= RX — r= I—RX r=n (18)
n n
< Bk — = =
3 Py l M PR 4. B
P{"‘/"} — r=1 ! — =1 =2 r=nRX (19)
v nRX nRX

cong suat trung binh tin hiéu va nhiéu trén méi DMRS, moi ang-ten thu, va mo1 khe

thoi gian duge tinh khi bidt s6 khe thai gian nSYM; trong 5G PUCCH F2, nSYM ¢6 gid tri

la mét hay hai:

& = k} ! =1 =2 1=nSYM
TR 0% 0l (N - SIS T Y
plreh - E - (20)
nSYM nSYM
& Dirk} ! I=1 =2 [=nSYM
e Py F;‘»"'}} + Eé’"”' S+ PO
pyti = 2L = (21)
nSYM nSYM

véc-to cOng sudt trung binh tin hiéu Ps dugc dinh nghia la tap hop cua Ps{r‘k’l} trong

_ !
cong thie (20) va cac Ps{r‘k}| trong cong thirc (18):

i 7kl
B |
Hir-k =1
Ps{ }
P = =i,k =2
s=| plrH (22)
— ,_'k} [=nSYM
LPS{ i

twong tu ddi véi véc-to cong suat trung binh nhiéu Py:

19
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ﬁ}\{rr‘,k,l}
— =l
P]\{]r k)
P, = }—D]\{]r.k} =2 (23)
—(rk 1=nSYM
R
bude 1.8: chudn hoa cong suat va wéc lugng SNR (EstSNR):
Theo ly thuyét xi 1y tin hiéu, SN Réif} 1a SNR@E} duoc udce lugng nhu sau:
13{:'./:,[}
SNRE™ =10log,,| =— (24)
Pl
N

trong do: log,, 1a 16-ga-rit co s6 10;
thay vi cong thirc (24), SN Rgf} duoc udc lugng tir gia tri da chuén hoa cua cong
suét trung binh tin hiéu va nhiu trong sang ché nay; budce chuén héa cong suat trung binh

tin hiéu va nhidu duva trén tim kiém gi4 tri 16n nhat; [|Ps]| va |[Pyl| 1a cong suit trung binh

tin hiéu va nhiéu dugc chuan hoa:

_ P’S{r./\',[} 25
“PS “ - ST Bk =2 Sirk) I=nSYM (25)
nmx(fg’l BT LB )
_ ﬁ]\‘kr,k,[} %6
“PN “ = s =1 S (k) =2 S{r k) |=nSYM ( )
max(PN”. Py Py j

trong cong thirc (25) va cong thire (26), max la phép tim gia tri 1on nhit trong tap

_ _ I _ _ l .
cac gia tri; cac gia tri Ps{r’k’l}, PS{r’k}| , P,\{,r‘k‘l}, va P,ér‘k}l da 1an luot cho trong cong thirc

(22) va cong thic (23);
tir cac gia tri ||Ps|| va ||Pyll, SNR,{;if} duoc uée lwong nhu cdng thic sau:
HP s Hj 27

SNRI{;:;B} =10 logm =
7]
SN R,{;‘ilf} dung tao trong s6 W trong cong thirc (6) néu lan chay vong 13p tinh toan

20
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khong phai 1a lan dau, nguoc lai thi dung SNR({)dB}; ca SNRE‘;I:} va SNRgdB} déu duogc gidi

han gia tri trén dudi nhu sau:

néu:

{SNRY, SRS | > SNR(Z (28)
thi:

{SNRg‘jf},SNRgdB"} = SNR'”) (29)
Néu

[SNRLY, SNRI™ | < SNR.;! (30)
thi:

{SNR{;?} ,SNR!™! } = SNR'"! 31)

trong séang ché, SNRYE) SNRUE va SNRI™ lan luot ¢6 gid tri 1a 30dB, —5dB,
va 30dB;

mat khac, trong thuat toan udc lugng SNR ap dung chuin héa cong suat trung binh
in hiéu va nhidu dua trén tim kiém gi4 tri 16n nhét, s6 vong 13p tinh todn cang 16n thi ket
qua ude lugng cang chinh xac va nguge lai; khi nang lyc tinh toan ctia mach xu 1y tin hiéu
56 (digital signal processing - DSP) c6 han, khdi lugng tinh toan 16n dé dan dén qua thoi
gian tinh toan gay sai két qua; do do, séng ché tinh toan hai vong ldp udc lugng kénh va
SNR nhdm can d6i gitra tinh chinh x4c va thoi gian tinh toan;

budc 2: can bang kénh va hop ang-ten;

trong khi can bang kénh gitip khoi phuc tin hi¢u phat va triét nhiéu lién kénh, hop
ang-ten gitp thu mot ludng tin hi¢u duy nhat tir da ang-ten thu; luge dd can bang kénh va
hop dng-ten véi ddu vao la cong sudt trung binh nhidu trén m&i DMRS, mdi ang-ten thu,
va mdi khe thoi gian 13,3”"” , ma tran kénh truyén H, va tin hiéu Y1} tai ang-ten thu r;
budce 2 dugc thuc hié€n nhu sau:

budc 2.1: trich xuét cac diém di liéu (Data — DATA);

trong PUCCH F2, tdm s6ng mang con chita DATA dugc xép xen k& véi bbn song

21
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mang con chira DMRS; nhu vay, voi toa do cac DATA da duoc xac dinh trén ludi tai

nguyén mién tan sb, H ,ng} va YD{;} duoc trich xuat tr H7 va ¥ nhu sau:

HY = D4 TA(H{"} ) (32)

Y\ = DATA(Y{"}) (33)

trong d6: DATA 1a budc trich xuét tin hiéu tai cic DATA;
budc 2.2: can bang kénh;

ma tran can béng kénh EQ duogc tinh nhu sau:
. H - - 7
EQ= mv((ﬂg;) HY Py j (34)

trong (34), H la chuyén vi lién hop phirc hHo-mit (Hermitian), trong khi I 1a ma
tran don vi va inv 1a phép ddo ma tran;

budc 2.3: hop ang-ten:

tir cac ang-ten thu, ludng tin hidu dugc hop nhét thanh ZDS nhu trong cong thirc
(395):

1

Yyl
zDs = EQ(H}}) ¥} (35)
budce 3: giai anh xa;
giai anh xa chuyén hoa cac ky tu trén mat phéng phtrc thanh ma trdn b thuc mét

cdt voi quy luat phén thuc 4o cta ZDS dugc xép xen k&; ZDS duoc dién dat dudi dang ma

trdn sO phuc nhu sau:

sty s sl
=1 1=2 1=nSYM
DS — ZDL'S’IH ZDS| - ZDSl'k:z
=1 =2 [=nSYM
LZDSI/(:HSC ZDS'/;:;zsc ZDS'k:nSC ] (36)
RZ! + jIZ, RZ+jIz} - RZP™ 4 jIZ™
_ RZ) + jIZ, RZ: +jIZ; - RZ;™ + jIz™
RZ;SC + ]JZ/:SC Ransc + ijfsC RZ:gc)?,M + j[Z:ggM
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trong do:
RZ 14 phén thuc ctia ma trdn ZDS;
IZ 12 phan 4o ctia ma trn ZDS;
nSC 1a sb séng mang v6i hé sb k;

nSYM la sb khe thoi gian véi hé s6 [;

Zre 1a ZDS da trich xuét phan thyc 4o va xép theo timg khe thoi gian:

RZ  RZ!
1z, 17}
RZ, RZ,;

Zre=| 17,  1Z;

RZ 7lysc RZ nzsc
L 1z 111SC Iz jsc

d4u ra cua giai anh xa ZDemap 1a ghép ndi cia cac khe thoi gian trong Zre:

23

nSYM "]
RZ!

nSYM
1z,

~7nSYM

RZ!

nSYM
17!

nSYM
RZHSC

nSYM
[ZnSC B

(37
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RZ! |
A
RZ,
1Z,
RZ,s
IZ}vSC
RZ}
1z}
RZ:
17}
ZDemap = .
RZ:SC
[ZI‘ISC
RZ ;1SYM
1
IZ nSYM
1
RZ;SYM (3 8)
[Z nSYM
2

nSYM
RZnSC

L [Z nSYM

nSC

budc 4: giai x4o bit;
nhim tranh viéc céc bit nam lién nhau gidng nhau, ching duoc xao bang budc x40
bit thong qua khoa x4o bit TXKey; giai xao bit 1a budc nguge lai v6i ddu ra ZSeq:
ZSeq = ZDemap(l - ZDKey) (39)

budc 5: giai ma bit;
ZSeq duge giai ma bit khi:

d6 dai bit tr 3 dén 11: ding bo giai ma RM;

d6 dai bit tr 12 dén 1076: dung b giai ma PL;
cac truong hop con lai dua ra canh bao khong hé tro gii ma:
truong hop 5.1: giai ma bit: by giai ma RM:

24
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goi B0, B1, va B2 la ba chudi bit duoc giai ma cua ZSeq, ZSeql, va ZSeq?2 khi
ZSeq1 va ZSeq? la hai ntra cua ZSeq; bo ba chudi bit duge so sanh véi nhau:

DO1=Diff (B0, Bl) (40)
D12 = Diff' (B1,B2) (41)
D20 = Diff (B2,B0) (42)

trong do:
Diff 1a 0 khi céc chudi bit giéng nhau;
Diff 1a 1 khi cac chudi bit khac nhau;

UE khong truyén tin higu dén BS (discontinuous transmission — DTX) khi by danh
gi4 két qua nhan thdy DO1 hay D12 hay D20 khac khong; nguoc lai la NonDTX khi D01,
D12, va D20 bang khong; chi tré ra két qua giai ma bit la BO khi nonDTX;

truomg hop 5.2: giai ma bit: b giai ma PL:

truong hop ma héa PL, ZSeq dugc gidi ma voi dAu ra la két qua kiém tra ghép chép
vong (cyclic redundancy check — CRC) va két qua giai ma bit BO; khi CRC khong dat,
khong can tra ra két qua giai ma bit vi UE khong gui tin higu dén BS (DTX); nguoc lai,
két qua giai ma bit 1a BO khi CRC dat (nonDTX);

budce 6: théng ké két qua;

khi khong truyén (DTX), thuc té van c6 thé giai ma ra ACK bit do anh hudng cta
nhidu nén xac suét van nhan duge ACK (DTX to ACK probability — PDTX) dugc thong
ké cho ca truong hop dung bo giai md RM hay PL;

truomg hop thir nhat: giai ma bit bang b giai mad RM:

néu ding bé gidi ma RM thi thong ké xac sudt ACK bi mat (ACK mised detection
probality — PACK) khi UE truyén ACK dén BS;

truomg hop thi hai: gidi ma bit bang bd giai ma PL:

néu ding bd giai ma PL thi thng ké xac suat khéi bit bi 16i (block error rate —
BLER); BLER I ti 56 56 khi bit bi 13i trén s6 khéi bit dugc giri di; mot khoi bit bi 16i khi
khéng truyén tin hidu (DTX) hay chudi bit két qua BO khac chudi bit giri khi NonDTX.
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