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(57) Sang ché dé cap dén phuong phap do hiéu chinh va loai b6 tin hiéu truy cap ngau
nhién gia trong hé thong tram thu phat vo tuyén bang thong hep internet van vat két ndi
NB-IoT bao gom ba budc: budc 1: thiét 1ap tham sb khoi tao, tién hanh sinh dit liéu tham
chuén va loc giam mau dir liéu kénh vt 1y truy cip ngiu nhién bing thong hep internet van
vat két ndi (PRACH-NB-IoT hay NPRACH) do hi¢u chinh ban dau; bude 2: thyc hién loai
bo khoang dir liéu bao ve, chudi tién t6 13p va phan tach dit liéu timg mau ky tu, va bién
d6i FFT theo timg mau ky tur; budc 3: do tim song mang khoi tao theo cua s0, so sanh va
hiéu chinh ngudng dua ra quyét dinh dit liéu, loai bo tin hiéu truy cap ngiu nhién gia.
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Linh vuc k§j thuit dugc dé cip

Sang ché dé cap dén phuong phap do hiéu chinh va loai bé tin hi€u truy cap
ngau nhién gia trong hé thong tram thu phat goc v6 tuyén NB-IoT (bang thong hep
internet van vat két ndi - Narrow Band Internet of Things) gitip giai ma chinh xac, tbi
wu va ting hiéu ning xu 1y hé thong ké ca trong diéu kién ving phii rong va cong suat
phat thiét bi nho.

Tinh trang ky thuat cia sang ché

Trong cac hé thong vién thong néi chung va hé thong thu phat vo tuyén
eNodeB hd tro hé théng tram thu phat gdc v6 tuyén NB-IoT ndi riéng hién nay thi nhu
cau vé két ndi va truyén dan dit liéu cho cac thiét bi quan trac, cam bién ... 1a rat 16n,
trong khi bang thong stt dung cho NB-IoT lai khong 16n c¢& 180 KHz, do vay viéc can
nhidu gifta c4c thiét bi trong qua trinh truy cdp ngiu nhién gay ra cac hiéu tmg xiu
lam hé thong thu phat vo tuyén eNodeB phat hién nhim cac yéu cau khong co thuc
clia cc tin hiéu gia. Hé qua 14 tiéu ton nhiu tai nguyén, xir 1y sai cac tic vu va lam
giam chi s6 KPI (Key Performance Indicator - Chi s6 hidu qua) mang. Nhu vay viéc
dd hiéu chinh va loai bo tin hiéu truy cip ngau nhién gia trong hé thong tram thu phat
gbc vo tuyén NB-IoT déng vai trdo quan trong trong ning cao hiéu qua hoat dong
mang ludi, gidm can nhiéu cua cac thiét bi ngudi dung (end-user) va do tim chinh xac
cac yéu cau truy cap co thuc, ting dung lugng hé thong.

Hién nay, c6 mot sd giai phap clia cac hing san xudt thiét bi nhu NOKIA,
ERRICSON, HUAWEI ciing st dung phwong phap phat hién dinh tin hiéu dit liéu dé
tim kiém dwoc dit liéu ngudi ding truy cip ngau nhién thuc. Phuong phap nay duoc
mb ta nhu sau: thiét 1ap mot tham s6 khéi tao theo chuan cho hé théng tram thu phat
gbc vo tuyén NB-IoT, tao chudi dit liéu mau tham khao, tién hanh danh gid tuong
quan tin hiéu chudi thu duoc véi chudi dit 1iéu mau tham khao va xac dinh do léch
mién thoi gian. Sau d6 bu gia tri 1éch mién thoi gian vao dit liéu thu va so sanh gia tri

dinh nang luong thu dugc véi gia tri ngudng giai ma dit liéu kénh vat 1y truy cip ngau
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nhién bang thong hep internet van vat két ndi (Physical Random Access Channel
Narrow Band Internet of Things — PRACH NB-IoT). Néu gia tri nay 16n hodc bang
gia tri ngudng s€ dua ra quyét dinh day 1a dit liéu yéu cau ngudi dung thuc. T d6 cap
tai nguyén cho dir liéu nguoi dung nay.

Gén day, ERICSSON bd sung thém phuong phap phéan tach dit liéu truy cép
ng?lu nhién bang thong hep internet van vat két ndi PRACH-NB-IoT nhan duoc theo
timg nhom méu ky tu, thuc hién thong ké trén timg nhom mau ky tu gia tri 1éch thoi
gian va chuan héa gia tri nay dé bu cho timg nhom mau ky tu, sau d6 tién hanh tuong
quan tin hiéu mau dé thu duoc dit liéu cong suit dinh va so sanh ngudng gié tri quyét
dinh dir liéu thuc hay gia.

Tuy nhién, cac gidi phap néu trén c6 mot s& nhuogc diém sau:

= Céac giai phap néu trén bi gidi han do chi xir ly dit liéu truy cap ngau nhién van
vét két néi ma khong thé loai bd dugc trong truong hop di kém dit liéu khac
nhu dit liéu LTE (Long Term Evolution).

= Viéc quyét dinh dit liéu thuc hay gia phu thudc vao duy nhat mot ngudng tin
hiéu 1am giam do chinh x4c trong giai ma dac biét trong truong hop co nhiéu
dir liéu nguoi dung cung truy cap. |

= Ngoai ra, viéc khong co6 co ché do tim diéu chinh cling lam tang ty 1€ giai ma
sai hodc bo sot dit liéu thuc ma nguoi dung gin 1én.

Ban chit ky thuit ciia sing ché

Muc dich cta sang ché 1a dé xuat mot phuong phap do hiéu chinh va loai bo tin
hiéu kénh truy cap ngau nhién gid trong hé thong tram thu phat goc vo tuyén NB-IoT,
giai quyét van d& phat hién nham hodc sai dit liéu nguoi dung trong mang ludi tr d6
dam bao chat luong dit liéu thu va gidi ma tin hiéu chinh xac, giap t6i wu tai nguyén
xu 1y hé thong. Dé dat duoc muc dich néu trén, sang ché dé xuat phuong phap do hiéu
chinh va loai bo tin hiéu truy cap ngau nhién gia trong hé théng tram thu phat goc vo
tuyén NB-IoT bao gbm ba budc:

_ Budc 1: thiét 1ap tham sb khoi tao, tién hanh sinh dit liéu tham chuén va loc

giam mau dit liéu PRACH-NB-IoT hay NPRACH (Narrow Physical Random
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Access Channel- Kénh vét 1y truy cip ngiu nhién bang thong hep) do hiéu

chinh ban dau;

- bude 2: thuc hién loai bo khoang dit liéu bao vé, chudi tién t6 lap va phén tach
dir liéu tung mau ky tu, va bién ddi cira s6 loc FFT (Fast Fourier Transform —

Bién ddi nhanh theo Fourier) theo timg mau ky tu;

- budc 3: do tim song mang khai tao theo cira sO, so sanh va hiéu chinh ngudng
dua ra quyét dinh dit liéu, loai bo tin hiéu truy cap ngau nhién gia.

Theo phuong phéap ciia sang ché 14 st dung bo loc giam mau thich tng dé loc
phan dit liéu chira tin hiéu vo tuyén NB-IoT. Sau d6 st dung co ché do tim cira s6 va
hiéu chinh d#c biét cho tin hi¢u truy cép ngﬁu nhién danh riéng cho hé théng tram thu
phat géc vO tuyén NB-IoT, thuc hién' so sanh véi cac ky vong da dugce chuén hoa va
ngudng dénh gia tin hiéu dé loai bo tin hiéu nghu nhién gia, chinh 1 diém méau chot de
do hiéu chinh va loai bo tin hiéu truy cip ngu nhién gia trong hé théng tram thu phat
gbe vo tuyén NB-ToT.

M3 ta tom tit cAc hinh vé

Hinh 1 13 hinh v& dang so @ khéi mo ta tong quan thiét 1ap mdt hé thong dong
b6 thiét bi ngudi dung UE véi hé thong khéi xir ly bang goc BBU (Baseband
Unit)/khbi vo tuyén tir xa RRU (Remote Radio Unit) 4p dung phuong phap cua sang
ché:

Hinh 2 13 hinh v& dang so d0 khdi mo ta ludng dit lidu xit 1y giita bo xit 1y 16p
vat Iy chira phan xit Iy chinh cua sang ché va cac thanh phan khac trong hé thong;

Iinh 3 13 hinh v& dang so 46 khéi mo ta cac thanh phan chinh va ludng xit Iy
cua bo loc giam mau va do hiéu chinh lan dau;

Hinh 4 13 hinh v& dang so d khdi mé ta giai thuat va ludng xi ly ctia phuong
phap do hiéu chinh va loai bo tin hi€u gid;

Hinh 5 13 hinh v& dang so dd khéi mé ta giai thuat chuén héa dit liéu va lay

mau dau vao bo loc;
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Hinh 6 12 hinh v& dang so d0 khéi mé ta giai thuat chuan hoa dit liéu va phén
chia khung dif liéu theo tirng nhém ky tw va thwc hién bién doi nhanh Fourier nguoc
iFFT trén timg nhom ky tu do;

Hinh 7 12 hinh v& dang so d6 khdi mo ta giai thuét loc giam mau va dinh dang
dit 1iéu sau bo loc thich tng dit liéu dau vao;

Hinh 8 12 hinh v& dang so dd khéi mé ta giai thuat chuan héa dit liéu va do tim
hé s6 bd loc thich tng dit liéu can loc;

Hinh 9 13 hinh v& dang so d0 khoi md ti gii thuat loai bo dir liéu bao vé va
chudi tién t6 lap;

Hinh 10 13 hinh v& dang so dd khdi mé ta giai thuat tinh toan va quyét dinh
ngudng tin hiéu dua theo cuong d6 tin hi¢u va bang thong hé thong;

Hinh 11 1a hinh vé& dang so dd khbi mo ta giai thuat tinh toan loc ctra sb va
phuong phap xac dinh tin hi¢u thuc va loai bo tin hi€u gia;

Hinh 12 14 hinh v& dang so d6 khdi mo ta giai thuat chi tiét cac bude quyét dinh
cin ot vao dau ra md ta hinh 12;

Hinh 13 1 hinh v& dang so dd khdi mo ta giai thuat do loc 1an hai d6i véi
trudng hop chi tim ra mot dinh dit li€u ¢4 nang luong dat ti€u chuén;

Minh 14 13 hinh v& dang so d6 khdi mo ta giai thuat do loc 1an hai ddi véi
treong hop chi tim ra nhidu hon hai dinh dit liéu c6 ning lwong dat tiéu chuan.

M0 ta chi tiét sang ché

Trong toi wu hé théng tram thu phat gbc vo tuyén bang thong hep internet van
vat két ndi viéc danh gia va giai ma chinh xac dir ligu trong diéu kién moi truong vo
tuyén phirc tap c6 vai trd quan trong, dé thuc hién duoc viéc giai mé toi uu can khac
phuc dugce cac nhuge diém cta phuong phéap gidi ma hién tai va c6 kha nang do hi€u
chinh va loai bé céc tin hiéu truy cdp ngau nhién gia can trai qua cdc budc md ta chi
tiét sang ché dudi day.

Tham chiéu hinh 1, biéu dién téng quan mot hé thong day du dap ting dugc yéu

cAu thue hién cac budc ctua phuong phap hiéu chinh va diéu khién cong suat tuyén thu
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thich ung theo moi trudng truyén dan trong hé théng thu phat v tuyén eNodeB.
Trong hé thong nay, khéi xir Iy bang goc BBU bao gdm ba khoi mach xtr Iy bang gbe
(Baseband Card - BBC) duoc két ndi v6i khodi vo tuyén tir xa RRU thong qua chuan
giao dién truyén séng dung chung (Common Public Radio Interface — CPRI), va mot
khéi mach diéu khién giao van (Control Transport Card - CTC) cung cép xung nhip
(clock) ddng bo 14y tir ngudn vé tinh dinh vi toan cau (Grobal Position Satellite - GPS)
hodc ngudn dong bd 1588. Ngoai ra, mot s6 thong tin cAu hinh khoi tao cho viée thiét
1ap trang thai san sang tao dit liéu va do tim dit liéu truy cap ngau nhién ciia thiét bi
NB-IoT. Thiét bi ngudi dung UE cua IoT (Internet of Things — van vat két ndi) dong
vai trd nhu thiét bi dau cudi tao ra dir liéu yéu ciu qua moi trudng vo tuyén giri téi
tram thu phat vo tuyén eNodeB thong qua dAu ang-ten thu cia khoi vo tuyén tir xa
RRU, hé thong hién tai c6 bdn dng-ten thu (RX1, RX2, RX3, RX4).

Tham chiéu hinh 2, mé ta chi tiét hoat dong ciia khdi xir ly bang gbc BBU trén
khéi mach xir Iy bang gbc BBC, ddy chinh 1a vi tri duoc cai dat & trién khai chi tiét
phuong phap sang ché bao gom bo xtr ly 16p vat ly mang thong tin va phuong phap
hoat dong cua sang ché cho viée do hidu chinh va loai bo cac tin hidu truy cap ngau
nhién gia dong thoi trao d6i thong tin véi cac khéi khac trong hé théng, duoc thuc
hién 14an luot nhu sau:

= Thyc hién trao dbi dit lidu giita thit bi nguoi ding UE va hé thong thu phat vo
tuyén eNodeB sau khi ha tan va chuyén dbi vé dang sO qua giao dién truyén
song dung chung CPRI;

s Khéi xit 1y 16p vat Iy s& ldy dit lidu trén ving luu trir dit lidu giao dién truyén
song dung chung CPRI thuc hién gidi ma va chuyén két qua sau gidi ma thong
qua khéi giao tiép giita cac trinh (Inter-process Communication - IPC) vao
vung nho truy cap chung;

= Trén ving nhé truy cip chung nay, bo xit ly 16p truy cép diéu khién trung gian
(Medium Access Control -MAC) s€ lay thong tin giai ma gui cac thong tin 13p
lich xuéng cho b xtr Iy 16p vat ly chuén bi tao dit liéu nhu & hinh 3;

= Thuyc hién tiép nhan dit liéu sau gidi ma va truy cap theo phuong phap cia sang
ché nhu & hinh 3 va hinh 4;
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= Thuc hién do hiéu chinh va loc ra cac di liéu thyc luu vao ving nhé dung

chung dé sin sang g 1én bd xu ly 16p truy cap diéu khién trung gian MAC,

ddng thoi loai bd cac dit liu gia;

Guri cac két qua cap nhat cudi cung cho dieu khién 16p cao hon dé san sang cho

thiét bi ngudi dung UE truy cép.

Trong

khi hinh 1 va hinh 2 thé hién tong quan thiét 1ap hé thong va vi trf &€

trién khai phuong phap, tir hinh 3 dén hinh 14 thé hién ndi dung cuia cac budc thuc

hién phwong phap duoc dé cap trong sang ché, cu thé nhu sau:

Buéc 1: thiét 1ap tham s6 khéi tao, tién hanh sinh dit liéu tham chuan va loc

giam mau dit liéu PRACH-NB-IoT hay NPRACH do hiéu chinh ban dau.

Tham
lwot nhu sau:

a)

b)

d)

chiéu hinh 3, tai budc nay, tong quan cua budc nay dugc thuc hi¢n lan

Thiét 1ap tham s6 khoi tao can thiét cho hé théng nhu s6 lugng ang-ten
diu vao va bang thong cling nhu cac thong tin lién quan to1 cau hinh
chudi dit lidu;

Tao dit liéu tham khao vé1 chu hinh thiét 1ap tao dit liéu tham khao véi
b6 cAu hinh cho mudi hai gia tri dai dién song mang khoi tao c6 gia tri
Yret(t);

Thuc hién loc dit li€u giam mau tuong tmg vdi NPRACH so véi
PRACH LTE nhu st dung khoang cach song mang Mra=3 ,75 KHz nén
chu ki s& bi 1& so v6i chuan 1ms thong thuong vi du nhu dinh dang 0 la
5.4 ms va dinh dang 1 1 6,4 ms. Lic nay dit liu dugc tai dau thu 1a
Iq(t), khdi tao gia tri b loc IndexFilter (chi s6 bo loc), IndexFilter = 0,
Thuc hién lya chon mau c6 gia tri v6i thudt toan mo td nhw & hinh 5;
Thuyc hién phan chia thanh ting nhém khung dit liéu c6 do dai theo cua
s& loc tfft. V6i viéc phan chia dit liéu nang cao hiéu ning xur 1y giai mé
va giam thoi gian xt ly trong bd xir ly 16p vat ly, thuc hién chi tiét véi
thuat todn md ta nhu ¢ hinh 6;

Thuc hién bién dbi iFFT dit liéu cho timg nhom dif liéu;
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e)

g)

h)
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Tién hanh hién loc 14y muoi hai diém xung quanh phd ciia NPRACH
trén m&i mau ky tu thuc hién iFFT (Giai thuat chi tiét md ta trong hinh
7);

Sau d6 cheén bén diém mau khong (zero) con lai vao cudi cho di mudi
sau diém. Sau khi loc dugc mudi sau diém thi thue hién bién doi lai FFT
mudi sau diém d6 (Giai thuat chi tiét mo ta trong hinh 7);

Thyc hién bién @i FFT cho dit liéu Nprehridrien thu dugc dit liéu mién
thoi gian Nprchcriate, Tinh toan gia tri bién do nang luong lon nhat va vi
tri positionF cta dir 1i€u NprachGriara. TU ) suy ra gia tri thyc cua bo loc
duoc ap dung theo bang cong thirc dudi;

Thay thé gia tri b loc thu duoc gia tri IndexFilterActuai (chi 6 b loc
thuc sau tinh toan) cho gia tri IndexFilter tién hanh thuc hién l3p lai cac
budc trén thu duogc dit liéu sau loc gidm mau 1a dit liéu chira chi co

NPRACH (Thuit toan chi tiét mo ta & hinh 8).

Cu thé chi tiét buge 1 duoc trinh bay nhu sau:

Tham chiéu hinh 5, cac diém a, b, ¢ & trén dugc thuc hién qua ba cong doan

+ Cong doan 1: thuc hién khoi tao thiét 14p hé thong véi s6 luong ang-ten dau
vao, bd cau hinh dich tan subcarrierOffset (dich tan song mang), thoi diém bét dau tetar
va bang thong tuong Umg;

+ Cong doan 2: thiét 1ap tao dit lidu tham khdo véi bd cau hinh cho muoi hai
gia tri dai dién song mang khdi tao 6 gia tri Yrer(t),

+ Cong doan 3: thuc hién loc dit liu giam mau tuong tmg v6i NPRACH so véi

PRACH LTE nhu st dung khoang cach séng mang Af,, = 3,75 KHz nén chu ki s& bi

1é so véi chuin 1ms thong thuong vi du nhu dinh dang 0 12 5,4 ms va dinh dang 1 1a

= Khéi tao gia tri bo loc (chi s6 b0 loc - IndexFilter = 0), thuc hién lua

chon mau c6 gia tri nhu cong thic dudi:
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Ig(c, + 1)
f{g i:tg + 2}

x(t) = 1<t

1

Btgmmjﬁ le

V61 gia tri:

£; = Lsample X Ustart

L

Eor = topmbot X 4 X Tey

)

trong do:

o Iq(t) 1a dit liéu dau vao;
o X(t)1a dit liéu dugc lya chon mau chuin bi cho budc loc ban dau;
o t 1adiém dit liéu bét dau cia cta s6 loc:
o ts la do dai dit iéu can thuc hién loc giam mau;
O teymbol 12 56 lwong khung dit liéu sau khi duoc phan chia theo chiéu
dai ctra s6 loc;
0 twar12 cAu hinh diém bét ddu truyén dit liéu kénh NPRACH;
o terla kich thude cira s6 loc theo bang thong;
O tsample 12 5O lwgng mau trong don vi 1ms dit liéu;
= thyc hién phén chia thanh ting nhom khung dit liéu ¢6 do dai theo cira

s6 loc te theo cong thirc dudi:

¥(1) Xm+1) o Xlg—te+1 )]

P xE xe+2) . Xlg—tm+2)
vy =| ¥ Flm+2) - X-imt2)
Xt ) Xl x2) . X(tsf)
1= } 24X t,:«fymb'o.l
trong do:

o Y{i,j)1a ma trn khung dit liéu sau phén chia khung va cura s loc te;

o X(t), tifi, tsymbol, tsr dwoc md ta nhu trén;
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= sau d6 bién doi nhanh Fourier ngugc (inverse Fast Fourier Transform —

iFFT) dit liéu cho tung nhém dir liéu

N= 'tf‘
: 4""""""":5}%&“
d , L
— ; (1 3 . pemifpals)
Npmchﬁfidﬁd - ! Yiw"!f }=e e
=1

trong do:
0 Nyrachgriary 12 dit liéu cia moi nhom ky tw duoc bién d6i iFFT;
o N 14 sé diém bién d61 iFFT chinh bang cira s6 loc tss;
o Afa, 1a khoang cach song mang con cho NPRACH;
o V(i ), tsymbol, tirr duwgc mo ta nhu trén;
Tham chiéu hinh 5, hinh 6 va hinh 7, c4c diém d, diém e, diém f, diém g va diém
h duoc liét ké & trén duge thuc hién Iin luot bing cach tién hanh loc 1dy mudi hai
diém xung quanh phé ciia NPRACH trén mdi mau ky tu thyc hién bién d6i iFFT. Sau
d6 chen bdn diém mau khdng (zero) con lai vao cubi cho di mudi sau diém. Sau khi
loc dwge mudi sau diém thi thye hién bién dbi lai FFT mudi sau diém d6. Dit liéu bieu

dién theo cong thirc dudi:

" NprachoriaraIndexFilter + 1)
NprachgriaralIndexFilter + 2) |

NyrachGrideilter =

! Npraghgﬁdyd{:IndEKFﬂtEI' + 16)1

{ N'prach(jr?d?d(tﬁt - Npmrh@ﬁf’sez + 1} |
— Ngxrac:hﬁréd?d{tfft' Nmachmfiset + 2)

x
B

N prachGridfilter?

NprachGridrd (ter)

H . %
P“-pmch(;rid?ihevili
¥ Y
Nprachm'ﬁd?a'@ﬁer{x‘*j
] I =3 7 ( F e ™ P b |
Npracm}ndf’lher 1 N prachGrid Fii@:er{alg N fpmr:nmfset)
zeros(4) !
Npracheridriteesz

-10-



trong do:

(©]

o
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IndexFilter 14 gi4 tri khéi tao hé s6 loc;

NprachGridrilter 12 tién xit Iy Toc khoi tao mudi séu mau tinh tir thoi

diém khoi tao loc;

NyrachGridrilterz 18 80 mau loc tinh tir vi tri dich pho Ny rachostser t61

diém cuoi cung cua so loc .

Nprachgridrilters 18 CUa s0 loc sau dich pho va chén mau

Np’rachﬁr‘i{iﬂhew va Nprachﬁridﬁ%mrz, zeros(4);

N prachosise: 12 gi tri dich phd ciia NPRACH. Do dit liéu NPRACH

duoc anh xa tiy thudc vao vi tri subcarrierOffset trén ludi tai nguyén,

c6 gia tri tra theo bang vi tri Nprachottset theo subcarrierOffset;

zeros{4) 1a chén mau khong vao bd loc;

NyprachGridrd » tie dwgc mo ta nhu trén;

= Thuc hién bién d6i nhanh Fourier (Fast Fourier Transform — FFT) cho

dir héu NprachGridFilterl thu dlIOC dit héu mién thoi gian NprachGride

N, prachGridld — ]77 ( N, prachGridFilter] )

Tham chiéu hinh 8, diém i duoc liét ké & trén dugc thuc hién bang cach 1ap chi

s& trong pham vi s6 luong mau 14 te * tsymbol, tinh todn gid tri bién do néng lugng 16n

nhat theo cong thirc:

Trong d6 gia tr1 16n nhét dugc tinh theo binh phuong bién do cia dit liéu.

MaxPower = Max(/NprachGridTd| *|NprachGriatd|)

= tinh to4n gia tri bién d0 nang luong 16n nhit va vi tri tim kiém dugc bién

d6 nang lwong 16n nhat ciia dit liéu NprachGriatd, tlr $O suy ra gia tri thuc

ctia bo loc duoc ap dung theo bang cong thirc:

IndexFilterActual = positionF — toffset

Bing thong 20 | Bang thong 15 | Bang thong 10 | Bang thong 5 | Bang thong

MHz MHz MHz MHz MHz

toffset = 12 toffset = 7 toffset = 2 toffset = -3 toffset = -8
trong dé :
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o IndexFilterActual 1a gia tri bd loc dugc tinh dé loc ra toan bo dit lidu
NPRACH;

o positionF 14 vi tri tim kiém duoc bién dd nang luong 16n nhét cua dir
liéu NprachGridTd;

o toffset: 12 d6 1éch twong ddi pho tin hidu phu thudc vao bang thong;

Thay thé gia tri bo loc thu duoc gia tri IndexFilterActual nhu trén cho

gia tri IndexFilter tién hanh thuc hién 1ip lai cac budc trén thu dugce dit

liéu sau loc gidm mau 12 dit 1iéa chira chi c6 NPRACH.

Két thiic budce 1, tham chiéu hinh 4, tong quan cac bude 2 va budce 3 dugce trinh

bay cu thé theo thit tu thuc hién nhu sau:

Thuc hién loai bo padding (ph?m dit liéu chén du thwra) va loai bd chudi
tién t6 lap v6i do dai cta chudi tién t6 lap phu thudc vao bang thong va
dinh dang gia tri @6 dai chudi tién t6 ldp Ncp theo bang biang thong va
dinh dang gia tri;

Thuc hién dinh dang dit liéu nhan duoc theo tuing nhom ky tu va ky tu ;
Chuén héa dit liéu va thuc hién bién ddi FFT theo kich thudc ctra so phu
thudc vao bang thong;

Khai tao b hé s6 cira s6 do tim theo gid tri 1éch tan s hé théng;

Tinh toan gia tri ngudng phu thudc vao bang thong va gia tri cuong do
tin hiéu thu, giai thut chi tiét va cong thirc md ta ¢ hinh 10;

Tinh twong quan tin hiéu tu chudi tin hiéu tham khéo sinh ra ti budc tao
dit liéu tham khao vdi cAu hinh thiét lap tao dir liéu tham khao véi b
cAu hinh cho muoi hai gia tri dai dién séng mang khdi tao c6 gia tri
Yrer(t)vol dit 1iéu sau chuan hoéa & budc dinh dang dit liéu nhan duge
theo timg nhém ky tu va ky tu . Tién hanh tim kiém gi4 tri ning luong
1¢n nhét trén timg ctra s6, giai thuét chi tiét md ta & hinh 11 va hinh 12;
Do tim song mang khai tao theo cua s6, so sanh va hiéu chinh ngudng

dua ra quyét dinh dif liéu deoc mo ta chi tiét trong hinh 13 va hinh 14,

Cu thé budc 2 va bude 3 nhu sau:
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- Buéc 2: thuc hién loai bo khoang dit liéu bao vé, chudi tién t6 13p va phan tach
dit liéu timg mAu ky tw, va bién ddi FFT theo timg mau ky ty. Tham chiéu hinh 9,
budc nay bao gdbm cac ¢ong doan sau:

+ Cong doan 1: thuc hién khéi tao tr1 s6 cac bién dém m=1, n=1 va gia tri 46 dai
ctia khodng bao vé va chudi tién t6 lap theo dinh dang cia kénh NPRACH, trong do6

o ncpla d6 dai chudi tién td 1ap voi dinh dang 0 nc, =16, dinh dang 1 nep =
64:
o mnpatla 0 dai khoang bdo vé do dai 240;
+ Cong doan 2: Tinh to&n d6 dai can loai bo khoi dit liéu sau loc, cau hinh d6 dai
ctia khoang bao vé, chudi tién t6 1ap phu thudc vao bang thong va dinh dang gia tr1.
cong thirc mé ta loai bé khodng bao vé va chudi tién t6 lap nhu sau:

Zr{m,n)
¥ : “ (“ B ¢ - A
Z{npeyn + 1) Z{Ngem + Ngeq+Nep+ 1 } oo ZlNpem + 405.q + 1)
7 kY i . \ ]
_| Z(npem +2) Z{Npem + Nseq + Nep+2) Z(Ngoy + 4ngaq + 2)

1 Z"»ﬂﬁem + HSeq ) E(“Rem + Znsﬁq + nCp } Zgllﬁem + EnSeq + HC?@}

< =
12MmM = Ngeq
1=n=5
v gia tri:

o Z{t)1a dit liéu sau loc giam mau & trén;

o Zr{m,n)1a dit lidu sau khi loai bd khoang bao vé va chudi tién t6
lap;

O TNpep, 12 d0 dai cin loai bo gdm khoang bao vé va chudi tién t6 lap;

o ncpla do dai chudi tién 6 1ap vé6i dinh dang 0 nc, =16, dinh dang 1
ncp = 64;

O npaqla d0 dai khoang bao vé do dai 240;

O Tigeqla d6 dai cua 1 khung mau dit liéu;
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+ Coéng doan 3: dinh dang dir liéu nhan dugc theo timg nhém ky tu va ky tu

theo cong thirc dudi:

Z g, = Zr(m, )

+ Cong doan 4: chudn hoa dit liéu va thyc hién bién doi FFT theo kich thude

cua so ti.

Z;?j‘ﬂlfft(_i} = fft(

trong 46:

{

0 Zgympre(D) 12 dit liéu sau bién doi FFT theo timg khung ky tw thi i;

- Budc 3: do tim séng mang khéi tao theo cira so, so sanh va hiéu chinh ngudng

dua ra quyét dinh dit liéu, loai bo tin higu truy cép ngau nhién gia. Tham chiéu hinh

10, bude nay bao gdom cac cong doan:

+ Coéng doan 1: tinh todn va quyét dinh ngudng tin hiéu dua theo cuong

d6 tin hidu va bing thong hé thong, cu thé thuc hién nhu sau:

+ Thuc hién 4nh xa gia tri ngudng co ban nease theo bang thong nhu bang

sau.

Bang thong 20
MHz

Bang thong 15
MHz

Bang thong 10
MHz

Bang thong 5
MHz

Bang thong 3
MHz

Nbase = 27

Nbase = 39

Nbase — 49

Nbase = 94

Nbase = 60

+ Pua ra tinh toan gid tri ngudng phu thudc vao bang thong va gia tr1

cudng @9 tin hidu thu, dy 14 budc loc hiéu chinh theo dit liéu thoi gian thuc, bién doi

theo cudng do tin hidu dau vao, cong thirc mé td nhu dudi:

ceil

" THge = -
L\Zj:g " Zs}!?}l_fft (}} 3 ZF)?mfft l}j)

32767

|

Ppesi =

2

-14-
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Mopsi

128

Hyhresh = 10 X (10815 Tgp } X + Mpase

trong do:

O Tg 12 gid tri cudng d6 tin hiéu do dwoc theo ting khung cira 56 loc
ky tu;

o Tigg 12 sb tai nguyén vat Iy phu thudc vao bang thong;

O Mgy 12 gid tri ngudng co ban phu thudc vao bang thong;

O TMppresh 14 gid tri ngudng tinh toan duoc sau hi€u chinh;

O Tlgeq, £ s}mifft{j}’ duoc mo ta nhu trén;

+  Déanh gi4 ti bing thong dé tinh ra gi4 tri s0 luong tai nguyén vat 1y s,

Béng tham chiéu nhu sau:

Bang thong 20
MHz

Bang thong 15
MHz

Bang thong 10
MHz

Bang thong 5
MHz

Bang thong
MHz

W

nrp = 100

ngs = 75

nrs = 50

nre = 25

ngg = 15

+ Tinh tuong quan tin hiéu tr chudi tin hiéu tham khdo sinh ra tir cong

doan 2 ctia bude 1 véi dit liéu sau chuan hoa & cong doan 3 ciia bude 2 theo cong thic:

"Y
} cary

= Yoo D=z symfft(i}

+  Tham chiéu hinh 12, hinh 13, hinh 14, tim kiém gi4 tri ndng luong 16n

nhét trén timg cira so, tinh s& dinh theo timg ctra so theo cong thic dudi:

{

J ™ Nyindawse aroh

Y

- — ‘ r s —
W”"pmkwum i maxi Z ¥ £orr (J 3 e Nrhresh
j=0 /

trong do:

O Willyaapeouns 14 50 luong dinh tin higu tim thay theo ctra s0;

O NwindowSearch 12 d0 dai ctra s0 tim kiém phu thudc vao cau hinh dich tan

so subcarrierOffset;
O Typreshs ¥ corr (J) duoc mo ta nhu trén;

-15-




42158

®  néu Winpeakeount = O thi hoan toan khong c6 dit liéu NPRACH.
s néu gia tri s6 dinh = 1 thuc hién danh gi4 két qua véi cira s loc thir hai,
trudng hop tinh peakeouwne >1 thi dit liéu thure, con lai 1a dir li€u gia gay

nhiéu béi méi truong nén loai bo. Cong thitc mo ta cach tinh nhu sau:
Yoorrz = (£ symfft (@) # Z symf ft{;i + 1))

ISy dowsearch
pea kmw 5 = MAX Z Yeopmaz U
j=0 /

‘ K . k ~ o Mpase |
PetN gz = petalegmez -~ Rrhresh " i i
. ged s

trong do:

o ¥,y 12 tuong quan tin hiéu cta hai nhom ky tw lién tiép;
o peak,,; 12 gia tri dinh ndng luong cua ¥, theo tung clra 503
O Nyaser Nsegy Mwindowsearch AUOC MO ta nhu trén;
= péu gid tri 12 s6 dinh = 2 thi dit liéu thu duoc 1a thuc;
= néu gia tri s6 dinh > 2 thuc hién 1ap cira sd dé loai bo dinh gia 1an hai;
o xét vi tri cia cac dinh nang lugng peakeous <1 thi loai bo dit
liéu dinh nay do la dit liu gia;
o néu peakeous > 1 va peakquene >= 5 thi loai bo dit liu dinh gia;
o néu peakcouns > 1 va peakquene <= 2 thi loai bo dit liéu dinh gia;

o néu peakcounss > 1 va peakquewe = 3 thi Iwa chon dinh c6 vi tri

2
n

tiém can trai gia tri ctra so;
o néu peakeouns > 1 va peakquewe = 4 thi Iya chon dinh c6 vi tri
tiém can phai gia tri ctra s0;
cong thure mo ta:

p«‘?ak _ (peakpasﬁtﬁon>
e gneue T

Ngeq

¥

‘ , Xﬂbase
peak g = | peak ...z > Nrpresh X ( + 1)
. woiigen
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trong do:
O Peakyyeye 12 vi tri dinh tim kiém theo cira s0;
o peakyosiction 12 Vi tri dinh tim kiém theo mau ky tu;
o peak s 12 s6 luong dinh tinh dugc sau lap cira sb hiéu chinh 1an
2;
O Tpaser Nseg Mnresn droc mo té nhu trén;
=t vi tri dinh tin hiéu tim duoc tinh toan dugc vi tri khéi tao song mang cho

toan bo chudi dit liéu NPRACH theo cong thirc:

‘peak, ccion
SCingr = Ceil {Lﬁg{fﬁi‘fi’i) 1

trong do:

O 5Ciy 12 sONg mang cho chudi dit liéu NPRACH thuc;

o peak,ggitrion 12 Vi tri dinh tim ki€ém theo mau ky tu;

Két qua sau khi két thiic budce 3 1 loai bo cac tin hi¢u gia trong moi truong nhiéu véi
s& lugng mau kiém thir 16n. Phuong phap ciing cho thiy hiéu qua giam dang ké ty 1&
tin hiéu gia giap nang cao hiéu nang he théng va giam can nhifu béi cac yéu cau
khong can thiét. Sau khi ap dung da giam ty 1¢ tin hi¢u gia tr 10 toi 12 lan, dap ting
yéu cau chi tiéu <0.1% 1a tin hiéu gia, trong khi hi€u qua cua truong hop khong giai
mi dwoc cling giam 2 1an so v6i khi chua ap dung phuong phéap séng ché.

Vi du thyc hién sang ché

Trén thuc té, hé thdng duoc thiét 1ap theo phuong phap cua sang ché da duoc

4ap dung trong phong thi nghiém va trién khai ¢ ngoai thuc té.

Hé théng duoc cai dat thuc té tai phong thi nghiém dién t thudc du an eNodeB,
trinh tu thiét 1ap va 4p dung phuong phap theo sang ché duoc md ta cac budce cu thé
nhu sau. Thiét 1ap hé thong thuc té bao gdém thiét 1ap kh6i mach diéu khién giao van
CTC/ khbi mach xit 1y bang gbc BBC trong d6 cai dat phan mém 16p vét ly c6 ap
dung phuong phap dugc md ta & trén do tac gia st dung ngdn ngit C thuc hién trong

mbi trudng ma ngudn mé hé diéu hanh Linux; sau d6 4p dung bo tham s thiét 1ap hé
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théng duoc néu trong Bang 1; khdi mach diéu khién giao van CTC/ khoi mach xi 1y
bing gbc BBC két nbi v6i khdi vo tuyén tir xa RRU hé ang-ten hai thu va hai phat
thong qua giao dién truyén song ding chung CPRI; thiét 14p thiét bi nguoi dung hd tro
hé thong tram thu phat gbe vo tuyén NB-ToT (ddng thoi thir nghiém véi may phat tin
hiéu gia 1ap NB-IoT cta hang R&S SMW20A); dit liCu thiét bi ngudi dung UE trao
d6i v6i khéi vo tuyén tir xa RRU duge chuyén doi dit lidu s6 sang CTC/BBC, thuc
hién trén goi tin v6i s6 luong dii 16n véi cac diéu kién moi truong gia lap danh gia so
sanh viéc loai bo tin hiéu gia giita viéc 4p dung phuong phap do hiéu chinh va loai bd

tin hiéu gia v4i khong ap dung phuong phap néu trén,

Bang 1: B tham sb thiét 1ap hé thong

Loai tham so Tham so6 cau hinh

Biang thong hé thong: 10 MHz

S6 lwong tai nguyén vét Iy nRB = 50

S6 luong dng-ten hé thong hai.

Tham s S4 hiéu cua té bao phuc vu UE: Cell_ID =0

chung Co bao nhay tan: Hopping mode =0

Gi4 tri phuc vu giai diéu ché tin hiéu tham khao: csDMRS =0
Hé s6 dich cho kénh dit liéu: deltaShift =0

Ché @6 tién to 1ap binh thuong

Do dai tién t6 lap: 266.7 us, dinh dang 0

Do rong song mang con: 3.75 kHz

Chu trac nhom ky tu gom mot CP va nam ky tur
NPRACH chiém muoi hai song mang con

Tham céu Loai mo hinh thtt nghiém: AWGN va EPAT Low

hinh cho Doppler: 200 Hz v6i mé hinh EPA va 0 Hz vé1 AWGN
NPRACH SNR target véi mo hinh AWGN 1a -2.1 dB va EPA 12 6.1 dB
SNR target theo vung phu:

+EC1: 1425 dB

+EC2:4.25dB

+EC3:-5.75 dB
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tstart = 16

subcarmierOffset = 12
ncp =16; npad = 240;
Tdng g6i tin truyén 12 10000

Tham s6 dan

. , Nbase = 49
xuat tir bd cau
toffet = 2
hinh cho
ter = 1024
NPRACH

NwindowSearch — 6

tsample = 15360

NprachOffset =4

Tham so6 dan xuat toi wu hiéu chinh:

Bang 2: Két qua giai ma trén md hinh kénh theo chuéan 3GPP 36.104 rel 14.0- Muc

8.53.2.1
TR dﬁ’l e apdungSauapdung
' o ., Nhan xét
liéu gidi ma gia phap siang ché | phap sing ché | :
B SR SOOIV Saukhlapdung
iam ty 1€ tin
AWGN — 0 Hz - SNR = g. ty
0.22% 0.02% hiéu gid ~ 10
-2.1dB .
lan, dap tUng
yéu cau <0.1%
Sau khi ap dung
giam ty 1€ tin
EPA1 - 200 Hz — SNR . ty
0.35% 0.03% hiéu gia ~ 10
=6.1dB \
lan, dap Ung
yéu cau <0.1%
Sau khi ap dung
AWGN - 0 Hz - SNR = giam ty 1€ tin
0.8% 0.085% . _
-6.8 dB hiéu gia ~ 10

lan, dap ung
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yéu cau <0.1%

Sau khi ap dung

iam tv 1€ tin
EPA1 — 200 Hz — SNR 8 v

=0.5dB

0.17% 0.013% hiéu gia ~ 12

lan, dap Umg

yéu cau <0.1%

Bang 3: Két qua giai ma gia va khong giai ma theo vung phu

Chi sd giai ma trude khi ap dung Chi s giai mé sau khi 4p dung
phuong phéap sang ché phuong phép sang ché
EC1 EC2 EC3 EC1 EC2 EC3
Tham s danh | SNR SNR = SNR = SNR SNR= | SNR=
gia =14.25dB | 425dB -5775dB | =14.25dB | 425dB | -5.75dB
Ty 1€ khong
gidi ma 41/10000 | 67/10000 | 157/10000 | 29/10000 | 24/10000 | 84/10000
(Misdetection)
Ty 1€ giai ma
gia (False 15/10000 | 25/10000 | 97/10000 | 0/10000 | 0/10000 | 12/10000
alarm)

Nhu vay véi hai két qua kiém tra danh gia so sanh trudc va sau khi 4p dung

phuong phap déu cho thay hiéu qua giam dang ké ty 18 tin hiéu gia gitp néng cao hiéu

nang hé thong va gidm can nhiéu boi cac yéu cau khong can thiét.
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Yéu cau bao hd

1. Phuong phéap do hiéu chinh va loai bo tin hi€u truy cép ngau nhién gia trong hé
théng tram thu phat gbc vo tuyén bang thong hep internet van vat két ndi NB-
10T bao g61n ba budc, cu thé:
bude 1: Thuc hién loc giam mAu dit liéu truy cdp ngau nhién van vat két ndi

(PRACH-NB-IoT hé thdng loc bao gdbm phan chinh yéﬁ sau:
+ thuc hién loc dit liéu giam mau tuong tng véi NPRACH so véi PRACH LTE

nhu st dung khoang cach song mang Af,, = 3,75 KHz nén chu ki s& b1 1¢ so v6i chuan

1ms théng thudng vi du nhu dinh dang 014 5,4 ms va dinh dang 1 la 6,4 ms;
s khdi tao gia tri bo loc (chi s6 b6 loc - IndexFilter) IndexFilter = 0, thuc
hién lua chon mau c6 gia tri nhu cong thue dudi:

Ig( + 1)
Iqlt; + 2)

x(t) =1

E N ﬂ"' N
L L= U= Btample

Ig (t; + 8teampte )
vOi gia tri:

t; = tsample X Lstare

tsr = Csymbol X 4 X tey
trong do:

o Iq(t) 1a dit liéu dAu vao;
o X(t)la dit liéu duoc lua chon mau chuin bi cho budc loc ban dau;
o t ladiém dit liéu bit du cta cira s0 loc;
oty la do dai dit liéu cin thuc hién loc giam mau;
O teymbol 12 5O lugng khung dit liéu sau khi dugc phén chia theo chiéu
dai ctra s6 loc:
0 tsartla cAu hinh diém bt dau truyén dit liéu kénh NPRACH;
ot la kich thude cira s6 loc theo bing thong;
O tsample 12 80 lwong mau trong don vi 1ms dit liéu;
= thyuc hién phan chia thanh ting nhom khung di li€u c6 do dai theo ctra

s6 loc te theo cong thirc dudi:
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1)
v(if) =| ¥

¥ltge+ 1)
Xt + 2)

Xt ) Xt x2)

1S i<ty

1 3} o 4w I:;."ymbﬂi

trong do:
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Xtg—twm +1 N
X{tgf - tf’m + 2 ‘1‘

X(tss)

o Y(i,j)1a ma tran khung dit liéu sau phan chia khung va ctra s6 loc te;

o X(t), tif, tsymbol, tst dwrge mo ta nhur trén;

= thuc hién bién d6i nhanh Fourier (Fast Fourier Transform — FFT) cho di

liéu NprachGridFitier1 thu dugc dit liéu mién thot gian NprachGridTd

N, prachGridld = ﬁ ( N, prachGridFilter] )

= thyc hién lap chi s6 trong pham vi so luong mau 13 te * tsymbol, tinh toan

gia tri bién d0 nang lwong lon nhét theo cong thirc:

MaxPower = Max(|NprachGriatd|*[NprachGridTd|)

trong do6 gia tri 16n nhat duoc tinh theo binh phuong bién d6 cua dit liéu

s tinh ton gi4 tri bién dd ndng lwong 16n nhat va vi trf tim kiém duogc bién

d6 niang luwong 16n nhat cta dit 1iéu NprachGriard, tr sO suy ra gia tri thuc

ctia bd loc duoc ap dung theo bang cong thire:

IndexFilterActual = positionF — toffset

Bang thong 20
MHz

Bang thong 15
MHz

Bang thong 10
MHz

Bang thong 5
MHz

Bang thong
MHz

toffset = 12

toffset = 7

foffset = 2

toffset = =3

toffset = -8

trong do:

o IndexFilterActual 1a gia tri bd loc dugc tinh dé loc ra toan bo dit liéu

NPRACH;

o positionF la vi tri tim kiém duoc bién do ning luong 16n nhét coa dit

lléu NprachGride;
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o toffset: 12 d6 1éch twong d6i pho tin hiéu phy thudc vao bang thong;

= thay thé gia tri bo loc thu duge IndexFilterActual cho gia tri IndexFilter

tién hanh thuc hién ldp lai cac budc trén thu duge dit liéu sau loc gidm

mau 12 dit liéu chita chi c6 NPRACH;

bude 2: thuc hién loai bd khoang dit liéu bao vé, chudi tién t6 1ap va phan tach dit

liéu timg mau ky tw, va bién d6i FFT theo timg mau ky tur; budc nay bao gdm mét

so cong doan chuyén doi:

+ dinh dang dit liéu nhin dugc theo ting nhém ky tu va ky tu theo cong thic

+ chuén héa dit liéu va thuc hién bién @i FFT theo kich thudc ctra sb tn.

7

K
Y

*,

dudi:
Z oy, = Zrim, i)
zs‘nmifft“:i} = fit|
trong do:

Eﬁw“ini )
I By i T )
max{ EFU Z sym, (},})’

0 Zgymsye(D) 14 dit liu sau bién doi FFT theo timg khung ky tur thir i;

budc 3: do tim séng mang khoi tao theo cira s0, so sanh va hiéu chinh ngudng dua

ra quyét dinh dit liéu, loai bo tin hiéu truy cdp ngdu nhién gid; budc nay bao gom

cac cong doan:

+ c¢oOng doan 1: tinh toan va quyét dinh ngudng tin hiéu dua theo cuong do tin

hiéu va bang thong hé théng, cu thé thuc hién nhu sau:

+ thuc hién 4nh xa gi tri ngudng co ban nvase theo bing thong nhu bang sau:

Bang thong 20
MHz

Bang thong 15
MHz

Bang thong 10
MHz

Bang thong 5
MHz

Bang thong 3
MHz

Nbase = 27

Tlbase — 35

Nbase = 49

Nbase = 54

Nbase = 60
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+ dua ra tinh toan gia tri ngudng phu thudc vao bang thong va gia tri
cudng do tin hiéu thu, day 1a bude loc hiéu chinh theo dit liéu thoi gian thue, bién doi

theo cudng 6 tin hiéu dau vao, cong thirc mé ta nhu dudi:

7 | . g = . . w.% 0
oil Zico ZsympreldD = ZogmppeU) ) |
cert] 32767
L : 2 . + 128
, . - Pl
Nrprash = 10 X {logyp nigg )X 128 + Mpase

trong do:

O Mg 12 gid tri cuong d6 tin hiéu do duogc theo tung khung ctra 56 loc
ky tu;

o Tigg 12 5O tai nguyén vat Iy phu thude vao bang thong;

O Tlygse 12 gid tri ngudng co ban phu thugc vao bang thong;

O Myrpresk 12 gid tri ngudng tinh toan dugc sau hi€u chinh;

0 MNgoq, ZsymprelJ), dugc mo ta nhu trén;

+  d4nh gia t bang thong dé tinh ra gia tri s6 lugng tai nguyén vat ly nre,

bang tham chiéu nhu sau:

Bang thong 20
MHz

Bang thong 15
MHz

Béang thong 10
MHz

Bang thong 5
MHz

Bang thong
MHz

ngs = 100

nre = 75

nrp = 50

nre = 25

nre = 15

+ tinh twong quan tin hiéu tu chudi tin hiéu tham khao sinh ra tir cong

doan 2 cia budc 1 véi dit liéu sau chuan hoa & cong doan 3 cua budce 2 theo cong thic:

Yeorr = Yo f i)~z symfft (L)

+ tim kiém gia tri ning luong 16n nhat trén timg clra sé, tinh s6 dinh theo

timg cira sO theo cong thuc dudi:
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¢ %

& X "

‘/ T=indowSearch

Witpeakeount = | MAX Z Yeorr U )= rhresh
j=0 )‘

trong do:

O Willyeghrouns 12 s6 luong dinh tin hiéu tim thiy theo cira s0;
O TNwindowSearch 12 d0 dai ctra s6 tim kiém phu thude vao cAu hinh dich tan
s6 subcarrierOffset;
O Mrpreshs ¥ corr )} duoc mo ta nhu trén;
= néu Wilpeakeount = 0 thi hoan toan khong c6 dit liéu NPRACH.
= néu gi4 tri sb dinh = 1 thuc hién danh gia két qua véi cira s0 loc thir hai,
truong hop tinh peakeowe >1 thi dir liéu thuc, con lai la dir liéu gia gay

nhiéu boi méi trudng nén loai bo; cong thirc mo ta cach tinh nhu sau:
Yeorrz = {:Zsym;' _ftii} * ‘symfft'ii +1))

F=BindowSearch
peak ,opy = max Z YVeoro U )]
i

H
<

"

V nbase\
peakeoyne = | Pekogrz > Mrpresh X r ]
s sEq -

trong do:

0 ¥ pma 12 tuong quan tin hiéu ctia hai nhom ky tu mau ky tu lién tiép;
o peak,,,7 12 gia tri dinh nang lugng cla ¥,,,,; theo timg cua 503
O Npaser Nseq Mwindowsearch QUOC MO ta nhur trén;
= néu gid tri 1 s6 dinh = 2 thi dit liéu thu dugc 1a thuc;
= néu gia tri s6 dinh > 2 thuc hién 1ap cira sd dé loai bo dinh gia 1an hai;
o xét vi tri cua cac dinh nang luong peakeouns <1 thi loai bé dix
liéu dinh nay do 1a dit liéu gia;
o néu peakeouns > 1 va peakquene >= 5 thi loai bo dit liéu dinh gia;

o néu peakcounB >1va peakqueue <=2 thi 10&1 bo dir héu dinh gla,
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o mnéu peakeouns > 1 vi peakquere = 3 thi lya chon dinh c6 vi tri

2
A

tiém can trai gia tri cua so;
o mnéu peakcounB > 1 va peakqueue =4 thi lu:a ch(_)n dinh c6 Vi tri
tiém can phai gia tri cua so;

cong thirc mo ta:

) k . peakpca’itﬁmz
Peliiguene = ”
‘ Ngeg /
i #
. ‘ . ;‘-j Upase | 1
peakoounes = | POK orrz = Prhpesh X | +1 } )
. ( Ngeq 4

trong do:

0 peakypyeye la vitri dinh tim kiém theo cira s0;

o peakpagsicrion 12 vi tri dinh tim kiém theo mau ky tu;

o peak yynes 12 50 luong dinh tinh duoc sau lap clra s6 hiéu chinh 1an
2;

O Npgger Nseg Mrpresn AUOC MO ta nhu trén;

* i vi tri dinh tin hiéu tim duogc tinh toan dwoc vi tri khoi tao song mang cho

toan bo chudi dit liéu NPRACH theo cong thirc:

. .
- | peak agittion '
5Cin = ceil (,._.E'g_.._. 11

trong do:

O 5€gy; 12 song mang cho chudi dit liéu NPRACH thuc;

o peaKyosicion 12 Vi trf dinh tim kiém theo mau ky tu.
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khéi mach xir 1y khbi mach xir 1y \
bang gbe bang gdc ‘
J 2
khoi xur Iy bng goc ;12;?2 5\1/2(1)1 khdi vo tuyén tr xa
khéi mach diéu khdi mach xi 1y song duing chung
khién giao van bang gdc e
|

)

N

388/ngudn vé tinh dink
vi toan clu

——Anten thu 2 — RX2
-Angten thu 3 — RX3
ngten thu 4 - RX4

iAnten ten thu 1 — RX1

MGoi truong vo tuyén

|
L

Hinh 1

/Béxfr ly 16p bo xr 1y Ving nhé
~ 16p truy cép di€u | truy cap

khién trung gian | chung

B x 1‘},} 16p | | kho1 giao tiep

o oitta cac tién
vatly | " tinh

;

chuan giao

dién truyén
\ séng dung chung /

Hinh 2
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tao dii-liéu tham khéao véi bd cAu hinh cho 12 gia
tri dai dién song mang khai tao co gid ti Y (1)

thuc hién lua chon miu c6 gid tri, khoi tao gia tri _| thue hién phén chia thanh timg nhém khung
b loe IndexFilter(bd chi s6 loc) " dit lidu 6 do dai theo cira s6 loc tep
A

loc ldy 12 diém xung quanh phé ciia Kénh vat ly
truy cdp ngdu nhién bang thong hep trén moi
symbol thue hién bién d6i ngrgcFourier

bién d6iNguwo nhanh Fourier dit liéu cho
ting nhém dir lidu

A

A

3 - A x A S s A
chén 4 diém mau khong (zero) con lai vao-cudi

cho dit 16 didm bién doi lai nhanh Fourier 16 diém

A4

tinh toan gia tri bién.dd ning luong lon nhétva vi
trf - positionF ctia dit liéu Nppenarigra. 1 $6 suy ra
gia tri thue b loc

A

Hinh 3
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cau hinh @6 d6 dai cia khoang bao vé, chudi tién t6 lap
phu thudc vao bing théng va dinh dang gid tri

A

dinh dang di liéu nhdn dugc theo tirng nhém ky tu
symbol va symbol

chuén hoa dit lidu va thue hién bién d6i Nhanh fourrier
theo kich thude cira sO tgy

tinh todn. gid tri ngudng phu thude vao bing thong va gid
tri ceong do tin hiéu thu

L

A 4

tinh twong quan tin hidu tir chudi tin hiéu tham khao sinh
va dit liéu sau loc

A

tim kiém gi4 tr ning legng 16n nhat trén timg cia sb.
tinh s dinh theo ting cira s va so sanh gia tr{ vdi
ngudng hiéu chinh dé loai bo tin hidu gia va do tim song
mang khéi tao

A

Két thic

Hinh 4
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Lé‘y glé tri tsymbol,

Khéi tai i=1, j=1

tsamp le

1< i <4 * tsymbol

v

Két thuc

ding

i

ding

; \ 4
Y (i,5) = X(1g)
* sai
j=j++
Thuyc hién bién doi ifft
cho ting khung dir liéu

NpmchGridFd

= 1fft(Y(1))

\ 4
1 =14+ |

Hinh 6
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Khoi tai m=1, n=1
nc, =16 v6i dinh dang 0
nc, =64 v6i dinh dang 1

Npag= 240

tQtaﬁ

42158

ol

Tinh to4n gia tri d§ dai can loai b
NRem =Ncp+Dpad x Tstart
D6 dai chuodi ngeq= 64 }

sar
dung
s

1<m < nseq

diung
v

Zr(m n) = Z(0gent m)

m=m ++

A

Bién doi dit liéu nhanh
fourier sau chuan hoa |[&

ZRSymfft(n) = fft (Zr(n)/max(Zr(n)))

n =n++

Hinh 9
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Bit dau

ding
ding Anh xa bi’mg théng vao gia tri
v ngwdng co ban Npase

Tinh toan gia tri cwong dd tin hiéu RSSI

v

theo cong thirc do dai can loai bo

Dyssiz el Tinh toan gia tri ngudng tin hiéu
ceil (sum (Zgym(1) _L_ cong thirc
*Zsymfft(l)))/32767)/2 + 128 NThresh =
: <ai 10*10g10MRB) x Mrssi/128) + Mbase
, A

YCorr(i) = YR&f(i)*Zsymfﬁ(i)

=i+t

j=jtt fe

Hinh 10
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Bt dau

Glﬂl xa tham s6 dich tan $b -
subcarrierOffset vao gia tr
ctra s0 loc- nbwindowSearch

/Kh&itaii=1,j=1 /

1< j < 64/nbwindowSearch

sal

diung

<1 <nbwindowSear

dimg
v

Tinh todn gia tri dinh
trén tung cua 50
peakSum = (sum

(YCorr(1))

A

maxYcorr =
Max (Y Corr(i.))

nPeakcount =
nPeakcount ++
1=1++

j=jr

Hinh 11
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