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Linh vuc k§y thuit dugc dé cip

Giai phap hitu ich dé cap dén phwong phap udc lugng va ndi suy mién tan sb thich
ing kénh truyén trong hé théng tram thu phat gbc vd tuyén 5G (Next Generation Node
Node B - gNodeB). Cu thé, phuong phap dwogc dé cap gitp t61 wu kha nang bu anh huodng
kénh truyén 1én dit liéu thu va ting hiéu ning gidi mi cua hé thong trong diéu kién méi

trudng vo tuyén thay doi lién tuc.
Tinh trang ky thuit cia Giai phap hiru ich

Trong céc hé thong vién thong noéi chung va hé théng gNodeB néi riéng, viéc udce
luong va bu kénh truyén ctia thiét bi tuyén thu c6 vai trd quan trong va anh hudng truc tiép
t61 chat luong va thong luong ctia toan hé théng mang. Hon nira, hé thong tién héa vo tuyén
méi (New Radio - NR) su dung phd tan rong va linh hoat trong mot té bao mang (cell) nén
rat d& bi anh hudng béi su can nhiéu gitta cac thanh phan trong té bao mang va cac té bao
mang lan can nhau. Hién nay, theo quy chuén cua td chirc du 4n dbi tac thé hé thir 3 (The
3rd Generation Partnership Project - 3GPP), viéc uéc luong kénh truyén tai phia thu sé dua
trén tin hiéu hoa tiéu 14 tin hiéu tham chiéu giai m4 hoa (Demodulation Reference Signal -
DMRS). Muc dich cta viéc udc luong kénh truyén nay 1a dé thyc hién bu anh huong kénh
truyén 1én cac vi tri chira dit liéu nguoi dung trong khung tin hiéu. Tuy nhién, vi ddc tinh
mdi tredong vo tuyén ludn bién thién theo ca mién thoi gian va tan sb, can qua trinh ndi suy
kénh truyén udce lugng duoc tai cac vi tri DMRS sang cac vi tri chira dit liéu nguo1 dung.
C6 nhidu thuat toan wéc luong dya trén tin hiéu hoa tiéu phd bién hién nay nhu uéc lugng
binh phuong cuc tiéu (Least-Square - LS), uéc luong t6i thiéu binh phwong 18i (Minimum
Mean Square Error - MMSE), va udc lugng hop 1y cuc dai (Maximum Likelihood - ML).
Tuong tu, cac phuong phap noi suy kénh truyén bao gdm ndi suy tuyén tinh, ni suy dung

da thitc va ndi suy st dung loc ctra s6 Wiener. Trong d6, udc lugng MMSE két hop véi
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nodi suy cira sO Wiener thudng duge lua chon dya trén tiéu chi do chinh xac dap tng chi
tiéu vé ti 18 151 khéi (Block Error Rate - BLER) va mitc d6 phuc tap trong tinh toan dap
g thoi gian xtt 1y trong mot khodng thoi gian truyén (Transmission Time Interval - TTI).
Tuy nhién, cong nghé 5G hién tai véi cac bang tan c6 budc song ngén dé bi suy hao bdi
cac yéu to clia moi trudng vo tuyén nén mirc tin hiéu trén nhifu (Signal to Noise Ratio -
SNR) sut giam nhanh va thay dbi lién tuc. Hon nita, toc do truyén tai cao ciia 5G tmg véi
thoi gian mot TTI bi rat ngén di. Nhu vay, viéc t6i wu va phat trién cac thudt toan wdc
lugng va ndi suy kénh truyén dong vai trd rat quan trong trong viéc dam béo nhing yéu

cau vé chat lugng va hiéu ning cia hé thong 5G.

Hién nay, c6 cac dé xuat t&i wu thuat toan cho ude luong va ndi suy kénh truyén nhu
thuat toan hay bo giao thoa ké can (Successive Interference Cancellation - SIC) hoac cac
b6 loc noi suy dua trén khao sat moi truong vo tuyén c6 sin nham nang cao kha nang gidi
ma tin hiéu.

Tuy nhién, cac giai phap néu trén c6 mot s6 nhuoc diém sau:

- Thuat toan SIC c6 d6 phuc tap tinh toan cao, dac biét trong diéu kién dap ung két
ndi nhiéu thiét bi di dong (User Equipment — UE), vi s6 1an 1ap cia u6c lugng kénh
truyén twong tng véi s6 lugng UE. Do d6, viéc trién khai thuét toan trong hé thong
con phu thudc vao kha nang dap ung ctua phan cimg véi cac tinh toan phire tap trong
gidi han d6 dai mot TTIL Cu thé, v6i thuét toan uéc luong MMSE va ndi suy ctta )
Wiener thong thuong, viée trién khai thuat toan nay véi thuan phan mém chay trén
cac may chil Intel méi d3 xay ra tinh trang qua thoi gian xur Iy mot TTI voi cac clu
hinh cap phat tii nguyén mién thoi gian va tan sb 16n. Do d9, viéc trién khai thém
thuat toan SIC doi hoi st dung cac phan cimg ting téc xir Iy nhu bd xir ly tin hiéu
s6 (Digital Signal Processor - DSP) hoac FPGA. Tuy nhién s€ lam tang d6 phuc tap
ctia kién trac hé thong va gia thanh san pham.

- Céc bd loc nodi suy dua trén cac khao sat ¢o sin co thé khong dam bao kha nang
thich ing v41 moi trudng vo tuyén thay doi lién tuc va da dang. Diéu nay c6 thé thay

qua cac truong hop cap phat tai nguyén mién thoi gian va tin s6 16n di kém véi ti 16
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ma hoéa cao. Pay la cac trudong hop yéu cau d6 chinh xac cao trong wdc lugng kénh
truyén vi c6 thé anh huéng dén hiéu ning cta khdi gidi ma hoa LDPC & cudi chudi
xtt Iy tuyén thu ciia L1. Cu thé, ti 16 ma héa cao ddng nghia véi s bit sira 13i ciia
giai thuat LDPC bi gidm nén kha nang stra 13i cho c4c bit mang thong tin bi han ché,
do d6 nén nhiéu ting cao do sai 1éch cia khdi noi suy kénh truyén s& cang lam giam
hiéu ning stra 161 cia khdi LDPC. Hé qua truc tiép 1a BLER hé thong tang cao khi
UE duoc cip phat cac cAu hinh cao. Bén canh d6, hé qua gian tiép 1 1am tang thoi
gian xu ly cua khéi LDPC vi ban chat ciia thuat toan gidi ma LDPC sé& thuc hién ldp
giai mé nhiéu 14n véi truong hop kiém tra sira 161 thit bai. Thong thudong khdi LDPC
14 khéi chiém nhidu thoi gian xt 1y ciia hé thong nhét do khoi luong tinh toan cao.
Do d6, s6 luong vong lip giai mi tang s& anh hudng nghiém trong dén thoi gian xir

1y chung cua toan hé thong.
Ban chat ki thuit ciia Giai phap hitu ich

Do d6, muc dich cua giai phap hitu ich la @ xuit phuong phap t6i wu cho ndi suy
kénh truyén mién tan so theo cira sb Wiener. Trong d6, thich tmg cac tham sb clia cira s
nodi suy theo moi truong vo tuyén thay do6i dwa trén cac thong s6 hé thong nhu SNR va
BLER duoc tinh tir kénh PUSCH. Tir d6, giai quyét vén dé can nhiéu cta cac thiét bi ngudi
dung trong mang ludi va dadm bao chit luong tin hiéu thu tot cho phan giai ma tin hidu. Dé
xuét ndy duoc ap dung cu thé cho kénh PUSCH vi dac tinh DMRS khong anh xa toan bo
trén mién tan sd, cung dit li¢u diéu ché bac cao 1én dén 256QAM, va ti I¢ ma hda xép xil.
Trong khi d6, c6 thé thdy kénh PRACH va kénh PUCCH dinh dang 0 chi sir dung thuan
chudi gia ngiu nhién Zadoff-Chu va dugc gidi ma ¢ phia thu bang tinh tuong quan cta
chudi nay. Kénh PUCCH dinh dang 1, 2, 3, 4 thi chi sit dung céc diéu ché BPSK va QPSK,
nén chi yéu cau mirc d6 uéc luong kénh truyén don gian, dong thoi cling gitp giam thiéu
thot gian xt ly.

bé dat duoc muc dich néu trén, gif{i phap hitu ich dé xuét phuong phap wéc hrong
va noi suy kénh truyén tuyén thu thich ing theo méi trudng truyén dan trong hé thong
gNodeB NR bao gom:
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Bude 1: thiét 1ap tham sd khoi tao va thu thap dit liéu dau vao hé thong; tai bude
nay, khoi tao thiét 1ap hé thong véi s6 lugng ang-ten dau vio, bang thong va cac thong tin
lap lich tir twong ng tir 16p MAC, cic ma trén trong s6 W cua cira s6 ndi suy,thuc hién
chia tach hai loai tham s ndi suy kénh truyén nhu sau. Tham s& khong thay ddi va tham
$6 thay ddi theo moi trudomg vo tuyén. Sau d6 phén tach tin hiéu DMRS thu dugc tai cac vi
tri 4nh xa trong ludi tai nguyén mién tan sd va tinh toan trudc chudi tin hiéu DMRS véi
cac théng s cau hinh tir MAC.

Budc 2: thuc hién phuong phéap udc lugng MMSE va ndi suy thich nghi cac tham
s6 cira s& Wiener. Lan luot uwdc lwrong tho kénh truyén dua trén thuét toan LS véi chudi
DMRS thu duoc va chudi DMRS biét trude, udc lugng d6 1éch mau trén mién thoi gian va
bu d6 1éch mau trén udc lugng thd. Noi suy mién tan s6 1an thi nhit va 1an tha hai bang
thuc hién nhan ma tran trong s6 v6i udce lugng tho LS sau bu 1léch TO dé noi suy cac vi tri
khong chita DMRS trén mién tan sé di kém céc chi s chit luong mang. Tiép tuc tinh toan
bang tra ctru thich ing kénh truyén tmg v6i SNR duoc thuc hién ¢ moi TTI va thich nghi
chi s6 trai tré cua kénh truyén, trong d6 qua trinh quét thich nghi chi s trai tré dugc thuc
hién ddng thoi theo hai phwong thirc 14 theo chu ky va khong theo chu ky dé thich nghi chi
s& d6 rong clra s6 noi suy v6i kénh truyén vo tuyén. Lua chon két qua trén phién c6 chi s6

BLER thép nhét va cai thién chét lugng.
M5 ta tém tit cac hinh vé
Hinh 1 14 hinh v& dang so @6 khoi mo ta téng quan thiét 1ap mot hé théng dong bd

thiét bi ngudi ding UE véi hé théng khéi xit 1y phan tan (Distributed Unit - DU)/kh6i xit
ly song vo tuyén (Radio Unit - RU) ap dung phuong phap cua giai phap hiru ich.

Hinh 2 13 hinh v& dang so @ khéi mé ta vi tri ludng xir 1y thich tmg tham s6 ndi suy
thoi gian thuc trong chudi xit Iy chung kénh PUSCH ctia 16p vat ly.

Hinh 3 13 hinh v& dang so db khdi mé ta cac khdi trong chudi xt ly chung kénh
PUSCH cuia 16p vat1y.
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Hinh 4 13 hinh v& dang so dd khdi md ta chi tiét cac thanh phan chinh cia ludng x
1y wgc lwong va ndi suy kénh truyén cira s6 Wiener thong thuong.

Hinh 5 14 hinh v& dang so d@ khbi mé ta giai thudt va ludng xir 1y ciia phuong phép
hiéu chinh dap ung tham s& noi suy cira s6 Wiener theo mdi trudng.

Hinh 6 13 hinh v& dang so db kh6i mo ta giai thuat thich img ndi suy véi tham s ti
1¢ tin hiéu trén nhiu SNR.

Hinh 7 13 hinh vé& dang so d0 khéi mé ta ta giai thuat thich ing ndi suy v6i tham sd
d6 trai tré moi trudong theo chu ky.

Hinh 8 12 hinh v& dang so d6 khoi mo ta ta giai thut thich img ndi suy v6i tham 5O
d6 trai tré madi truong khong theo chu ky.

Hinh 9 13 hinh v& dang so dd khéi mé ta ta giai thuat thich ang ni suy voi tham so
do rong cira $0 noi suy.

Hinh 10 12 hinh v& dang so d khdi mo ta giai thut ludng x ly cac qua trinh thich
g va quyét dinh gia tri trong s6 ndi suy dua trén cac bang tra clru ndi suy.

Hinh 11 12 hinh vé& dang so @ khéi mé ta ludng dit ligu xir Iy giao tiép giita phan
mém thu thap — tinh toan thoi gian thuc, thiét bi nguoi dung UE, DU/TFC va RU.

Hinh 12 13 hinh v& m ta cach thiét 1ap hé thong va ap dung Giai phap hiru ich tai
phong lab thir nghiém gNodeB cua VIETTEL.
MG ta chi tiét Giai phap hitu ich

Trong hé thong t6i wu hé théng gNodeB, viéc wdc luong chinh xac thich img theo
mdi trudng vo tuyén thay d6i c6 vai trd quan trong, dé thuc hién duoc viéc bu dnh huéng
kénh truyén mt cach t61 wu gitp cai thién chat lugng hé thdng tuyén thu. Cu thé, phuong
phap dugc @ xuit bao gdom cac budc:

Budc 1: thiét 14p tham s6 khéi tao va thu thap dir liéu diu vao hé thong; trong d6
bao gdm thiét 1ap hé théng nhu Hinh 1 thé hién tong quan mot hé thong day du dap ang

duoc yéu cau thuc hién phuong phap udc lwong va ni suy kénh truyén tuyén thu thich tmg

-6-
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theo moi trudmg truyén dan trong hé thong gNodeB. Trong hé théng nay, khdi xir Iy phan
tan (Distributed Unit - DU) bao gdm khdi may cha chay trén nén tang bo vi xtt 1y chirc
niang chung (General Purpose Processor - GPP) giao tiép qua cong PCle véi khdi ting tbe
phan cting dung cong nghé mang cong 1ap trinh duoc (Field-Programmable Gate Array -
FPGA). Khéi FPGA hay con dugc goi 12 mach trung chuyén (Transfer Card — TFC) duogc
két ndi voi khdi vo tuyén tir xa (Radio Unit - RU) thong qua chuén giao dién truyén séng
dung chung (Common Public Radio Interface — CPRI), va mot khéi mach cung cip xung
nhip (clock) dong bd 14y tir ngudn vé tinh dinh vi toan cau (Global Position Satellite - GPS)
hodc ngudn ddng bd 1588. Trong do, kidi may chit GPP d6ng vai tro 1a khoi xir 1y chay
céc 16p phan mém ctia hé thong twong tmg véi cac tang cia mo hinh tham chiéu két ndi
cac hé théng md (Open Systems Interconnection Reference Model - OSI) gom 16p vat 1y
xtr ly tin hiéu vo tuyén (Layer 1 - L1), 16p phan mém xir ly cap phat tai nguyén va lap lich
(Layer 2 — L2), va 16p phan mém xir Iy cau hinh thong tin didu khién va két ndi mang
internet (Layer 3 — L3). Trong m6 hinh nay, thiét bi nguoi dung (User Equipment - UE) s&
thuc hién trao d6i mdi truong vo tuyén tin hiéu cao tan cho timg ang-ten cua khdi RU. Dit
lidu sau khi di qua khdi RU s& dugc ha tan s va chuyén doi tuong tu sang 50, dit liéu dang
sé thu dugc s& duoc giri vé khdi FPGA qua giao thire CPRI Khéi FPGA thuc hién bién
dbi nghich Fourier (inverse Fast Fourier Transform - 1FFT) chuyén dit liéu mién thoi gian
v& mién tan sd. Lép xu 1y tin hiéu L1 sau d6 thuc hién udc luong va noi suy kénh truyén
thoi gian thuc theo timg phién truyén ban tin véi bd xu ly 16p diéu khién truy cap moi
truong (Medium Access Control - MAC) ctia L2 véi UE. Sau d6, cac thong tin thu thap
duoc trong bo phan mém nay s& phan tich moi trudng trao d6i giita nhom UE va gNodeB,
tir d6 ap dung b tham s6 n6i suy kénh truyén phu hop véi timg nhom moi trudng. Nho d6
lam ting kha nang giai ma thanh cong, gidm bot nhidu giita cac thiét bi trong ving pht
séng cta gNodeB, gitp tdng hi€u nang cua khéi xtt 1y giai ma héa kiém tra chan 1é mat d
thap (Low Density Parity Check Code — LDPC) nh¢ gidm s6 vong 1ap can dé giai ma di
liéu. Pong thoi, viéc tinh toan chinh xac cac gia tri nhiéu va SNR gitp cai thién kha ning
didu khién cong sut khép kin cua layer L2 v6i UE. Cu thé, budce 1 dugc thuc hién qua cac

budc nhu sau:
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B1.1: khi tao thiét 1ap hé théng véi s6 lugng dng-ten dau vao, bang thong va cac
thong tin 1ap lich tir twong tng tir 16p MAC, nhu mé ta Hinh 2 va Hinh 3 md té chi tiét hoat
dong ciia khdi xir Iy bang gdc trén DU bao gdm bd xir Iy 16p vat Iy va b xir Iy 16p MAC
két hop vdi phan mém thu thap — tinh toan tham s6 ndi suy thoi gian thuc. Céc bude thuc
hién nhu sau:

o Thuc hién trao dbi dit liéu giita UE va gNodeB sau khi ha tan va day vé DU
qua khoi CPRI.

o Khéi xit Iy FPGA TransferCard (TFC) thuc hién iFFT chuyén doi dit liéu vé
mién thoi gian va day vé L1 qua giao tiép PCle.

o Trén vung nh¢ truy cdp chung nay, bo xir ly 16p MAC s€ lay thong tin giai

ma giri cac thong tin 1ap lich xudng cho bo xir 1y 16p vat 1y.

B1.2: thiét 1ap cac bang tra clru mic dinh chira cic ma trén trong s6 W ciia cira sd
ndi suy ang voi cac tham s6 bao gom: khoang cach séng mang con (Subcarrier Spacing -
w), chi s6 dich doppler cuc dai ciia kénh truyén (Doppler Shift), chi s6 nhom ghép kénh
phén chia theo ma khong chira kénh dit liéu (Code Division Multiplexing Group Without
Data — CDM Group Without Data), chi sb trai tré cuc dai ciia kénh truyén (Delay Spread),
chi s6 @6 rong cua $0 ndi suy, va cac diém tham s tin hiéu trén nhiéu SNR. Cu thé:

o Thuc hién chia tach hai loai tham sb noi suy kénh truyén nhu sau:

Tham s6 khong thay doi theo moi trudng vo tuyén gom:

o Tham s6 khoang cach séng mang con p c6 nam gia tri twong ng voi
15, 30, 60, 120 va 240 kHz;

o Vi thuc hién ndi suy trén mién tan sd, [ = ', nén tham sb dich doppler
cua kénh truyén 6 thé duoc luge bo;

o Chi s6 nhém ghép kénh phén chia theo ma khong chira kénh dit liéu
g6m hai gia tri tuong ang voi hai loai anh xa DMRS vao luéi tai
nguyén, dugc mo ta ¢ bang 6.4.1.1.3 chuan 38.211 cua 3GPP;

Tham sb thay d6i theo méi truong vo tuyén gom:
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o Tham sb trai tré cuc dai c6 nim gia tri tng voi tham $6 khodng cach
song mang. Tuy nhién, thuc hién ting giam tham s6 nay 1én khong
twong tmg vdi p khi moéi trudng vo tuyén thay doi tang gidm do trai
tré do yéu t6 da duong;

o Tham sb d6 rong cua sO noi suy hién tai c6 hai gia tri la 1 va 4 RBs
(Resource Block - RBs). Do rong ctra s& phu thude vao yéu to xoay
pha trén mién tan s ctia kénh truyén vo tuyén;

o Tham sb SNR gdm 201 diém tir -5 dén 45 dB (decibels - dB) vdi budce
nhay 0,25 dB.

o Do do, bang tra ciru mac dinh s€ g?)ln 20100 ma tran trong s6 nodi suy kénh
truyén mién tan s6 Wiener gém 10050 ma tran cho 1 RB va 10050 ma tran
cho 4 RBs, véi kich thudc ma trdn cho 4 RBs sé& 16n gap bon 14n ma tran cho
1 RB. Vi du, v6i chi s6 nhom ghép kénh loai thi nhét nhu sau:

o Anh xa sau REs (Resource Element - REs) cho DMRS trong mot RB,
nén kénh truyén Gng vé6i sau REs nay s& dugc ndi suy ra toan bo kénh
truyén tng mudi hai REs ciia RB d6. Do d6, kich thude clia mot ma
tran ndi suy la (6x12) cho do rong ctra s6 mot RB. Véi hé théng xu ly
s dinh dang biéu dién ¢b dinh (fix-point) 16 bits, mdi gia tri trong s6
s& 12 mot s6 phirc ¢6 16 bits phan thyc va 16 bits phan 40 hay tong 14
4 bytes. Do d6, kich thudc luu trit ciia ma tran nay trén bd nho 1a
10050 * 6 * 12 * 4 = 2894400 bytes.

o Tuong tu, kich thudc ciia mot ma tran noi suy 1a 24x48 cho do rong
ctra sd bén RB va kich thuc luu trit cia ma trdn nay trén b nhé 1a
10050 * 24 * 48 * 4 = 46310400 bytes.

o Béng tra ctru c6 céac gia trt SNR ¢ dinh biét trude, nén viée tra ciru ma tran
noi suy twong tmg voi mot g1 tr1 SNR dau vao 1a dua trén viéc chia du SNR
cho budc nhay 0,25 dB va lay gi4 tri nguyén cao hon gan nhat. Do d6, viéc
tra ctru khong lam tang thém do phitc tap tinh toan cho hé théng.
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B1.3: phan tach tin hiéu DMRS thu duoc tai cac vi tri anh xa trong ludi tai nguyén
midn tin s va tinh toan trudc chudi tin hiéu DMRS véi céc thong sd cau hinh tir MAC,

Budc 2: thuc hién phuwong phéap udc luong MMSE va ndi suy thich nghi cac tham
s6 cira s6 Wiener; chi tiét nhu Hinh 4 va Hinh 5 mo ta Kkhdi xir 1y chinh va hoat dong cua
qua trinh thich ung ndi suy theo kénh truyén thoi gian thuc va st dung két qua d6 dé dua
ra hiéu chinh va diéu khién phu hop, cac bude thuc hién nhu sau:

B2.1: udc luong tho kénh truyén dua trén thuat toan LS véi chudi DMRS thu dwgc
va chudi DMRS biét trude, ude luong tho kénh truyén dua trén thuat toan LS:

H(k,r) = X"y
trong d6: X 1a chudi DMRS biét trudc & ca phia phat va phia thu, Y 13 tin hiéu
thu duoc tai cac vi tri anh xa DMRS trong ludi tai nguyén.

B2.2: udc lugng do léch mau trén mién thoi gian (Timing Offset — TO) cuia md1
trudng kénh truyén trén timg ky tu OFDM chita DMRS; trong d6 tinh toan dugc thyc hién
trén mién tan sb tuong tmg véi do léch pha gilta cac song mang con voi nhau. Thuc hién
bu d0 1éch TO trén uwde lugng thd LS dé tranh anh huong dén tinh toan ndi suy va nhiéu.
Cu thé:

5 Ubc lugng d6 1éch mau trén mién thoi gian:

o Tinh toan d6 léch pha giita cic song mang con trong cung mot ky tu
DMRS:

K-2
phase() = Y Hys(k,r)(Fiste +2,7))"
k=0

trong d6 K 1a s6 song mang con c6 ky tw DMRS;

o Chuyén do6i do 1&ch pha sang s6 mAu léch trén mién thoi gian (TO):

__angle(FR=) phase(r))*Nrrr
TOest -
2xTTxm
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trong d6 R 1a s6 ang-ten thu, Nppr 12 d0 dai FFT, angle 1a ham
atan2, va m 1a khoang céch giita hai song mang con dugc dung dé tinh d6

1éch pha;
o m khac nhau phu thudc vao loai anh xa DMRS theo hinh ..., cu thé:

- DMRS loai thir nhat: m = 4, phase dugc tinh giita song mang

conlvas,3va7, ..

- DMRS loai thir hau: m = 6, phase duogc tinh gifta song mang
conlva7,2vasg, ..
B2.3: ndi suy mién tan s6 lan tha nhat:

o Trich xuét gia tri ma trén trong s duoc tinh tir SNR ctia TTI trude néu co.
Néu khong, sir dung ban tra ctiru mac dinh véi gia tri SNR khéi tao 30 dB (vi
bude nay chwa udc lugng nhiéu va SNR ¢ TTI hién tai). Viéc st dung ma
tran trong s6 dua trén SNR cua TTI trude dé dua trén thuc t& moi truong
kénh truyén thay ddi giita cac TTI lién tiép 1a khong dang ké, gitip thich tng
va giam thiéu sai sd so v6i st dung gia tri SNR khéi tao 30 dB.

o Thyuc hién nhan ma tran trong $6 vGi udc luong tho LS sau bu léch TO & bude
B2.2 dé noi suy cac vi tri khéng chita DMRS trén mién tan sd.

o Ma tran ndi suy W duogc tinh toan theo cong thirc sau:

W =gy * dgg
Tuong quan v6i van & ndi suy kénh truyén ctia kénh PUSCH, ta c6:
o H 1a uéc lugng kénh truyén dua trén tin hi€u tham chiéu DMRS;
o H la u6c lugng kénh truyén cho dit liéu kénh PUSCH;

o ®pgy lama tran twong quan chéo giita kénh truyén cho dit liéu va kénh

truyén cda tin hiéu tham chiéu DMRS.

o ®gp lama tran tu twong quan cua kénh truyén cta tin hiéu tham chiéu

DMRS.
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Theo d6, ® gy gdm céc trong sé twong quan chéo O (k, 1) giita kénh truyén
cho dit liéu tai vi tri song mang k. ky tu [ va kénh truyén ciia tin hiéu tham chiéu

DMRS tai séng mang k', ky tu I, duoc tinh theo ham sinc nhu sau:
0(k,1) = sinc (szmasz (- l’)) - sinc(Zrmaxu(k - k’))
trong d6 Tpmgy 12 trai tré cuc dai clia kénh truyén (s);
u la khoang cach séng mang con (Hz);
fby,, 12 dich Doppler cuc dai clia kénh truyén (Hz);
T, 1a chu ky léy mau;
k — k' 1a khoang cach song mang gitta dit licu va DMRS;
[ — I' 1a khoang cach ky tu gitta dit liéu va DMRS.
Cong thirc tinh ® g5 1a ma train MMSE bao gdm ma tran tu trong quan va

tham s6 tin hiéu trén nhiéu SNR:

1
(k') = m-l+ (k' ")

trong d6 I 14 ma tran don vi. SNR = SNR, = 30 1a gia tri SNR khéi dau dung dé
ndi suy kénh truyén 1dn thir nhat, sau d6 thuc hién tinh toén lai gia tri SNR va ndi
suy kénh truyén lan tha hai.

B2.4: thuc hién udc lugng cac chi s6 moi truong truyén: chi s6 cuong do tin higu
thu p (Received Signal Strength Indication - RSSI), chi s6 nhiéu cong tap am o (Noise plus
Interference - NI), chi s6 ti 16 tin hiéu trén nhiéu SNR:

o Thuc hién udc lugng céc chi $6 moi truong truyeén:
o Chi s6 cudng d6 tin hiéu thu p (Received Signal Strength Indication
- RSSI):
X = Xpurs(k, 1) * Hgs (k' 1)
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p = mean(X - X)

o Chi s6 nhiéu cong tap 4m ¢ (Noise plus Interference - NI):
6k, 1) = Yps(le, ) —p
o = mean(s - §%)
o Chi s ti 1& tin hiéu trén nhiéu SNR:
SNR =P/,
B2.5: ndi suy mién tan s6 lan thir hai:
o Tim trong tit ca cac bang tra ciru gom bang mic dinh va cac bang thich
{mg gi4 tri SNR gan nht v6i gia tri SNR uée luong & bude B2.4. Viée
tra clru cac bang trong s6 khong 1am ting d6 phirc tinh toan theo bude
B1.2 va budc B2.8.
o Thyc hién nhan ma tran trong s6 Vi ude lwong tho LS sau bu léch TO &
bude bii) dé ndi suy cac vi tri khong chira DMRS trén mién tan sd.
B2.6: uéc lwong 1an hai cac chi s& méi trudong truyén & bude B2.4.
B2.7: luu trit SNR vao bd nhd cho viéc tinh toan tham s6 noi suy & cac TTI sau.
B2.8: tinh todn bang tra ctru thich Gmg kénh tmyén ung v6i SNR duge thuc hién &
moi TTI n:
Nhu Hinh 6 mé ta thit tw va diéu kién thuc hién ciia cac budc thich tmg cac tham $b
noi suy:
o Tai mdi TTL:
o Tinh toan trong sé ndi suy véi SNR lay tr luu trit bd nhé cia TTI
trudc;
o Trich xuit BLER hé théng, BLER duoc tinh toan theo cong thirc:

BLER = sO TTI véi CRC Fail
B tong s6 TTI
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trong d6 kiém tra tuan hoan du (Cyclic Redundancy Check - CRC) la
két qua sau qua trinh giai ma hoéa LDPC;
o Cap nhat gia tri cho bang trong s0 ndi suy thich tmg;
o Pém du 500 khe thoi gian (mg v6i 5s hodc kiém tra thdy BLER hé thong ting
cao trén 5%:
o Thuc hién thich Gmg trai tré kénh truyén;
o Cap nhat chi s6 trai tré thich tmg mbi truong;
o Kiém tra thiy sau khi thich ¢mg trai tr BLER van trén 5%
o Thuc hién thich Gmg d6 rong ctra so;
o Cap nhat chi s6 do rong cua $0.

Trich xuat gia tri SNR dugc luu trit trong bd nhé 1a cac gia tri SNR duogc udce luong
ctia cac khe thoi gian (slot) trude. Tuy nhién, bé cac gia tri SNR ctia khung thoi gian cf,
khong cap nhat sat voi mo1 truong vo tuyén hién tai, cu thé 1a cac slot véi chi s6 nho hon
n — 20; nhu Hinh 7 mb ta chi tiét giai thuat thu thap chuén hoa va danh gia tham s6 SNR

ctia bd loc no1 suy Wiener,

o Tinh toAn mudi ma trin trong sb theo cong thirc & bude B1.2 Gmg véi gia tri SNR
trich xuat, hai gia tri 4§ rong ctra $6, va nam gia tri trai tré cuc dai;

©  Cap nhat ma tr4n vao bang tra ctru thich ing. Dua trén vi€c thich rng mo1 trudng
thay ddi, chi cac gia tri SNR cua TTI gan nhat véi TTI hién tai 1a c6 y nghia. Do do,
gidi han kich thude luu trit 1a mudi ma trén Gmg voi mdi gia tri do rong cira sO va
gia tri trai tré cuc dai. Viéc nay con giup tranh ting do phirc tap tinh toan cho budce
B2.6.

o Luuy, vi gia tri ma trdn trong s6 tinh toan & khe thoi gian n duge dung cho khe thoi
gian n + 1, cac chudi xit Iy sau khdi uéce lugng va ndi suy kénh truyén duge wu tién
thuc hién va song song v&i qua trinh tinh toan nay, trénh gay dnh hudng thoi gian
xtr 1y L1 ¢ khe thoi gian n.
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B2.9: thich nghi chi sb trai tré ctia kénh truyén:
a  Qua trinh quét thich nghi chi sb trai trd duoc thuc hién dong thoi theo hai
phuong thic 14 theo chu ky va khong theo chu ky nhu sau:

o Theo chu ky: ban chat chu ky cang nhé thi gia tri trai tré cang thich
nghi sat v6i méi truong kénh truyén thay doi. Tuy nhién, viéc quét
chon gi4 tri thich hop nhét ¢6 thé gay BLER tic thdi cho hé thong, va
chu ky cang nho thi BLER cong ddn cang 16n. Cu thé, c6 nam gia tri
chi s6 tréi tré can duoc danh gia BLER trong mudi TTI. Khi d6, mirc
BLER t6i da cta qua trinh thich nghi giy ra cho hé théng theo chu ky
quét N TTI 1a (10 TTI * 5/ N TTI). Theo quy dinh ctia 3GPP, chi s
BLER hé théng can duy tri dé d&im bao chat luong dich vu 12 duéi 5%.
Do d6, chu ky N = 1000 TTI dugc chon, twong tng 250 khung thot
gian truyén 10 ms vé6i khoang cach song mang 30 kHz. Chi tiét nhu
Hinh 8 mo ta giai thuat thu thap chuén héa va danh gia tham s6 do trai
tré moi trudng ciia bd loc ndi suy Wiener theo chu ky 1000 TTI.

o Khong theo chu ky: trong trudng hop moi tredng kénh truyén thay doi
nhanh (c6 thé 1a tic thoi trong mot khoang thoi gian) hoac thich {ng
can theo s& RB duoc cép phat. Ban chét chi s trai tré s& ti 1& nghich
véi bang thong mach lac (khodng bang thong ma kénh truyén gan nhu
khong thay ddi vé pha va bién d9), hay chi s6 trai tré sai léch s& anh
hudng dén cac @6 16n RB khac nhau 1a khac nhau. Do do, tai moi
mudi TTI sau cac chu ky quét thich nghi trai tré hai muoi TTL moé ta
trong Hinh 9.

- Thuc hién théng ké BLER va d6 16n trung binh RB khi giai m
thanh cong tuwong tng crc = 1 va khi giai ma that bai tuong
ung crc = 0 tic thot trong 10 TTI

BLER = Y12 (1 — creeg),

AverRB, = Yttiz1 RBeei*(1—Creeei)
0 BLER >
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10
tti=1 RBtei * CTCrei

1 — BLER

AverRB; =

- NéuBLER = 2,

o Néu AverRB, > AverRB;, thuc hién diéu chinh tang
chi s& trai 8 cho cac TTI tiép theo néu RB >
AverRBy,

o Néu AverRB, < AverRB,, thuc hién diéu chinh giam
chi s6 trai tré cho cac TTI tiép theo néu RB <
AverRBy;

- NéuBLER < 2,

o Luu trit chi s6 trai tré thich Gmg theo RB va ap dung cho
cac TTI tiép theo.

o Chi sb trai tré dugc chon c6 ghi nhan BLER thdp nhit trong mot 1an quét.

B2.10: thich nghi chi s6 do rong ctra s6 ndi suy v6i kénh truyén vo tuyén va thé hién

trong Hinh 10 va Hinh 11 gian dd thoi gian cac phan thuc hién;

o Thuc hién sau chu ky quét trai tré tai budc B2.9, néu BLER tuong ting véi
chi sb trai tré dugc chon van cao trén 5% hodc khong c6 cai thién so voi trude
khi thich tng trai tré;

o Thuc hién ciu hinh lan luot cac do rong ctra $6 noi suy mot RB va boén RBs
cta kénh truyén trong 10 TTI lién tiép va ghi nhan BLER. Theo d6, mirc
BLER t6i da ciia qua trinh thich nghi gay ra cho hé thong theo chu ky quét
1000 TTT 1a 2 %;

o Chon chi s6 d6 rong ctra s6 ndi suy c6 ghi nhan BLER thip nhat.

C6 mot sb luu y cho bude B2.9 va B2.10 nhu sau:

= BLER hé théng dugc thdng ké ¢ mdi TTI va dua trén 2000 TTI gan nhat hay
500 khung thoi gian 10 ms;

o Qua trinh quét chi thay dbi cac tham sb va thong ké, khong lam ting thém 4o
phuc tap tinh toan cho hé thong trong 1 TTL
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Vi du thuce hién Giai phap hiru ich

Trong thyc té, phuwong phap duoc d& xuét boi Giai phap hitu ich da duge trién khai
trong hé thong thiét 14p & phong thi nghiém va ngoai thuc dia.

Hinh 12 12 hinh anh thuc té hé thong dugc trién khai tai phong thi nghiém vo tuyén
thudc du an gNodeB, cac thiét l1ap hé théng véi cac khoi ph?m cung va két ndi cu thé duogc
mb ta & cac bude sau. Thiét 1ap hé thong thuc té bao gom thiét 1ap hé DU/TFC trong d6
cai dat phan mém thich tmg ndi suy theo kénh truyén thoi gian thuc theo bd phan mém L1
do tac gia sit dung ngdn ngit C chay trén mdi truong Linux; sau d6 ap dung bd tham )
thiét 1ap hé théng dugc néu trong bang 1; DU két ndi voi TFC thong qua giao dién PCle,
TFC két ndi véi RU hé da ang-ten thu phat thong qua giao dién CPRI (cu thé trong hinh 1a
hé ang-ten tam thu va tam phat); Thiét 14p dién thoai Oppo Find X2 la thiét bi ngudi ding
UE, day l1a UE dugc trang bi bo xur ly dit li€u s6 Snapdragon X55 5G Modem-RF cua
Qualcomm, hd trg toc do tai 1én dén 2,5 Gbps (Gigabit per second - Gbps), tai xubng dén
316 Mbps (Megabit per second - Mbps), va bang thong 1€n dén 200 MHz cho bang tan
dudi 6GHz (sub-6GHz), dap ung t6t cac bai thir nghiém danh gia hiéu nang cia Giai phap
hiru ich; Qua trihh thtr nghiém danh gia duoc thuc hién nhu sau: UE két n6i va st dung
dich vu speedTest ctua Ookla lién tuc & cac diéu kién mbi trudng v tuyén khong che chan
(Line of Sight - LOS) va che chén non-LOS, cung véi nhiéu mirc cong suat nhan tin hiéu
RSRP (Reference Signal Received Power - RSRP) quy dinh trong bang 2; dit liéu UE trao
d6i qua mdi truong vo tuyén v6i RU duoc day vé TFC va chuyén ddi dit liéu FFT vé mién
tAn s6, sau d6 dit liéu duoc day vé bo phan mém L1, trong d6 phan mém thich tng ndi suy
theo kénh truyén thoi gian thuc s& thu thap dit liéu dAu vao, chon loc tham sb va tinh toan
cac trong sb ndi suy bang giai thudt dwoc md té chi tiét trong cc hinh néu trén, két qua dau
ra ¢6 kha nang dua ra trong s6 noi suy va hiéu chinh tuong thich v6i moi truong vo tuyén
dé dat duoc tidu chuan vé chi s6 BLER hé théng. Ngoai ra viéc thuc hién cac hi€u chinh
gia tr1 trong s6 n6i suy con gitip cai thién ving phu khi giam BLER & cac vung ria mang
t& bao c6 SNR xudng thip. Két qua sau khi hiéu chinh t61 wu phan 4nh thong qua cac tham

s6 chat luong mang dat dugc nhu bang 2.
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Bang 1: bo tham sO thiét 1ap hé théng

Loai tham sO

Tham so cau hinh

Tham so

chung

Bing théng hé théng: 100 MHz

Bang tan 5G: n77, tan sO trung tam 3,75 GHz

S6 lwong tai nguyén vat Iy nRB = 273

S6 lwong dng-ten hé thong 2, 4.

S hiéu cta té bao phuc vu UE: Cell_ID =0

C& bao nhay tan: Hopping_mode =0

Gi4 tri phuc vu giai diéu ché tin hiéu tham khao: ché d6 ghép tin hiéu
loai A (DMRS Mapping Type A), vi tri cia DMRS (DMRSAPos) =2,
s6 luong DMRS (DMRSAddPos) = 2, loai DMRS (DMRS Type 1), ché
d6 nhom dit liéu tham khao khong kém dit liéu kénh nguo1 dung (CDM
group without Data) = 2, sit dung mot loai ky tw DMRS (DMRS Single
Symbol), cong chira DMRS (DMRS Port)= 0

Hé sb c4u hinh cho kénh dit liéu: CP-OFDM, phén b tai nguyén tan sb
loai thir nhit (Frequency Allocation Type 1) (0-273 RBs), phan b6 tai
nguyén mién thoi gian (Time Allocation Type 1) (0-14 symbols- ky
tr), mot 16p dit liéu (single layer), Table64QAM (mcs: 0-28) — bang

di€u che.

Tham s6 noi
suy thich ung
kénh truyén

Tham s6 trai tré cuc dai: 0, 1,2, 3, 4
Tham s6 d6 rong ctra sd noi suy: 1, 4

Tham s6 SNR ban tra ciru mic dinh g6m 201 diém tir -5 dén 45 dB
(decibels - dB) vdi bude nhay 0,25 dB
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Tham s6 moi
truong pha-
dinh mo
phong

TDLB100-400: trai tré (delay spread) = 100 ns, 1éch tan so doppler
(frequency offset) = 400 Hz,

TDLC300-100: trai tré (delay spread) = 300 ns, 1éch tan s6 doppler
(frequency offset) = 100 Hz,

TDLA30-100: trai tré (delay spread) = 30 ns, 1éch tan so doppler
(frequency offset) = 100 Hz,

Céac tham s6 TDL (tapped delay line) theo quy dinh ctia 3GPP.

Bang 2: ty 18 161 khoi tuyen 1én ¢ cac dicu kién moi trudng vo tuyen

S6 luong ang-ten S6 lugng ang-ten
thu=2 thu=4
Chi s6 théne ké chit ... | Theo
150 thong ke cha Theo giai ... | Theo giai | Theo Nhan x&
Giai s an xet
luong mang phap k¥ " | phapky | Giai
o 1 | Phap o o ,
thuatda | ~ _ thuat da | phap
<& hitu o~
biet . biet  |hiru ich
ich
Ty 16 18i khoi giam
Mbi truong LOS vé1 mure 8.4% 4.1% 47% | 2.2% ~ 50% sau khi e}p
RSRP -90 dBm dung phuong phap
Giai phap hitu ich
Ty 18 151 khoi giam
01 truong L 51 mu ~ 40% khi 4
Moi truong LOS v61 mirc 15.5% | 7.9% 10.6% | 4.6% o sau khi a,xp
RSRP -110 dBm dung phuong phap
Giai phap hitu ich
Ty 1é 18i khoi giam
A o ~ 35% sau khi &p
Moi truong LOS vé1 muc
RSRP -120 dBm 255% 1153% | 20,1% [12,5% dl%ng phuong phap
Giai phép hitu ich,
dam bao dich vu ¢
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S lugng ang-ten | S6 luong ang-ten
thu =2 thu =4

. A 1A A 1A ... | Theo .
Chi so thong ké chat Theo giai Theo gidi | Theo

Giai - Nhan xét
lrgng mang php k§ hlf“ phipky | Giai
a
thuatds | PP | thuatda | phap
iy hiru 4 -
biét . biet  |hitu ich
ich
vimg ria té bao
mang?
Ty 18 161 khoi giam
Mf”)i truong non-LOS véi 12% 50 89 3.7% ~ 60% sau khi z:1p
muic RSRP -90 dBm dung phuong phap
Giai phap hitu ich
Ty 18 161 khbi giam

M?)i truong non-LOS véi 24% 1162%| 17.2% [10.5% ~ 45 % sau khi a:1p
mirc RSRP -110 dBm dung phuong phép
Giai phap hitu ich

Ty 18 161 khoi giam
~ 35% sau khi ap
dung phuong phap
38.7% | 21,7% | 30,2% |19,4%| Giai phap hitu ich,
dam bao dich vu o

Moi treong non-LOS vt
muc RSRP -120 dBm

vung ria té bao

mang?
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Bang 3: mitc SNR dam béo dat thong lugng > 70% véi cac mdi truong pha-dinh md

phong
S luong ang-ten | S6 lwong dng-ten
thu=2 thu=14
Moi trudng pha-dinh [ Theo N
TDL (Tapped Delay | 1P€0 glal | ... Theo giai | Theo Nhin xét
Line) phipky | . | phipky | Gidi
thuatda | P | thuatda | phap
e hu'u Lz o
biét , biet  |hituich
ich
Do loi tang 1,7-2,4
-4,5 dB sau khi 4
TDLB400-100 28dB | 70| 584 |82dp TN P dung
dB phuong phap Giai
phap hitu ich
Do lo1 tang 1,8 - 2
dB sau khi ap d
TDLC300-100 102dB | 8dB | 65dB |45dB| o0 IPCUIE
phuong phap Giai
phap hitu ich
bo loi tang 1,5 dB
| 11,5 Khi 4
TDLA30-10 13 dB ’ 9dB  |7.5qp|®® Khi @ dung
dB phuong phap Giai
phap hitu ich

Cic lgi ich dat dwgre ciia Gidi phap hiru ich

Hé thong duge thiét 1ap theo phwong phap theo Giai phap hitu ich c6 kha nang wéce
luong va ndi suy thich ung kénh truyén thoi gian thuc. Theo d6, phuong phap theo Gidi
phép hitu ich dem lai hi€u qua t6i wu khi dua ra duoc cac két qua ndi suy kénh truyén gan
véi két qua moi truong thuc té nhat, khic phuc duoc nhuoc diém udc luong khong chinh

xac hodc c6 do phuc tap cao cua cac thuat toan cii. Nang cao chat luong mang va céac chi
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s6 KPI thé hién qua viéc cai thién chi s6 161 khbi BLER ciia hé théng va mé rong vung phi

cua té bao mang.
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Yéu ciu bao hd
1. Phuong phap udc lugng va noi suy mién tan s thich Gmg kénh truyén trong hé thong

tram thu phat goc vo tuyén bao gom:

budc 1: thiét 1ap tham s khéi tao va thu thap di liéu diu vao hé thong; bao gdm
cac budc sau:

b1.1: khéi tao thiét 1ap hé théng véi s6 lugng ang-ten dau vao, bang thong va cac
thong tin 1ap lich twong tng tir 16p MAC,

b1.2: thiét 14p cac bang tra ciru mac dinh chira cac ma tran trong s6 W cia cira s6
nodi suy tng vdi cac tham s6 bao gom: khoang cach séng mang con (subcarrier spacing -
w), chi s dich doppler cuc dai ctia kénh truyén (doppler shift), chi s6 nhom ghép kénh
phan chia theo ma khong chira kénh dit ligu (code division multiplexing group without data
— CDM group without data), chi sb trai tré cuc dai cua kénh truyén (delay spread), chi s6
d6 rong cura 6 noi suy, va cac diém tham sb tin hiéu trén nhiéu SNR;

thuc hién chia tach hai loai tham sO ndi suy kénh truyén nhu sau:

tham s& khong thay doi theo moi truong vo tuyén gom:

tham s6 khoang cach séng mang con p ¢6 nam gia tri twong tmg voi
15, 30, 60, 120 va 240 kHz;
thyc hién ndi suy trén mién tin sd, 1 = I, nén tham so6 dich doppler
cua kénh tmyén c6 thé duoc luoc bo;
chi s6 nhom ghép kénh phan chia theo ma khong chira kénh dit lieu
gbm hai gia tri twong Gng véi hai loai anh xa DMRS vao ludi tai
nguyén, dugc mo ta ¢ bang 6.4.1.1.3 chuén 38.211 ciia 3GPP;

tham sb thay ddi theo mdi truong vo tuyén gom:
tham sb trai tré cuc dai c6 ndm gia tri tng v&i tham sé khoang cach
song mang; thuc hién ting gidm tham s6 nay I1én khong twong ang véi
u khi moi trudmg vo tuyén thay di ting giam d trai tré do yéu t0 da

duong;
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tham sb d6 rong cua $s0 noi suy hién tai c6 hai gia tri 1a mot va bon
RBs (resource block - RBs); dd rong ctra s6 phu thude vao yéu tb xoay
pha trén mién tan s6 cia kénh truyén vo tuyén;
tham s& SNR gdm 201 diém tir -5 dén 45 dB (decibels - dB) v6i bude
nhay 0,25 dB;
do d6, bang tra ctru mac dinh s€ gém 20100 ma tran trong s6 noi suy kénh
truyén mién tan s6 wiener g61n 10050 ma tran cho mot RB va 10050 ma tran
cho bon RBs, véi kich thudc ma tran cho bdn RBs s& 16n gép bon 14n ma tran
cho mot RB;
bang tra ciru c6 cac gia tri SNR ¢b dinh biét trudc, viéc tra clru ma tran ndi
suy tuong ung voi mot gid tri SNR dau vao dua trén viéc chia du SNR cho
budc nhay 0,25 dB va ceiling (14y gia tri nguyén cao hon gan nhat); do do,
viéc tra ctru khong 1am tang thém d6 phuc tap tinh toan cho hé thong;
b1.3: phan tach tin hiéu DMRS thu duoc tai cc vi tri anh xa trong ludi tai nguyén
mién tin sé va tinh toan trude chudi tin hiéu DMRS véi cac thong s6 cau hinh tirt MAC,
budc 2: thuc hién phuong phap ude luong MMSE va noi suy thich nghi cac tham
s6 cira sO Wiener; cu thé:
b2.1: u6c luong thd kénh truyén dua trén thudt toan LS voi chudi DMRS thu duoc
va chudi DMRS biét trudr;
b2.2: ugc luong d6 1éch mau trén mién thoi gian (timing offset — TO) ciia moi truong
kénh truyén trén timg ky tu OFDM chita DMRS; trong d6 tinh toan dugc thuc hién trén
mién tin s6 twong tmg véi do 1éch pha gitra cac song mang con voi nhau; thuc hién bu do
Jéch TO trén uéc luong tho LS dé tranh anh huéng dén tinh toan ndi suy va nhiéu;
b2.3: ndi suy mién tan s6 14n thir nhat:
trich xudt gia tri ma tran trong s6 duoc tinh tr SNR cua TTI trude néu co;
néu khong, st dung ban tra ciru mac dinh véi gia tri SNR khai tao 30 dB (vi

budc nay chua udc lwong nhiéu va SNR & TTI hién tai); viéc st dung ma
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tran trong s6 dua trén SNR cua TTI trude d6 dua trén thuc t& moi truong
kénh truyén thay ddi gitta cac TTI lién tiép 1a khong dang ké, gitp thich ting
va giam thiéu sai s6 so v6i st dung gia tri SNR khai tao 30 dB;

thuc hién nhan ma tran trong s6 v6i udc luong thd LS sau bu 1éch TO & bude

b2.2 dé ndi suy cac vi tri khong chita DMRS trén mién tan so;

b2.4: thuc hién udc luong cac chi s6 moi trueong tmyén: chi sb cuong do tin hi€u
thu p (Received Signal Strength Indication - RSST), chi s6 nhiéu cong tap am o
(Noise plus Interference - NI), chi s6 ti 18 tin hiéu trén nhiéu SNR;

b2.5: ndi suy mién tan so lan thir hai:

tim trong tat ca cac bang tra ciru gdm bang mic dinh va cac bang thich tmg
gi4 tri SNR gan nhit véi gia tri SNR udc luong & bude b2.4; viée tra clru cac
bang trong s6 khong 1am ting d0 phic tinh toan theo budce b1.2 va bude b2.8;
thuc hién nhan ma tran trong s6 v6i uéc lugng thd LS sau bu léch TO & bude

b2.2 dé noi suy cac vi tri khong chira DMRS trén mién tan sd;
b2.6: wdc lwong lan thir hai cac chi s6 moi trudmg truyén & bude b2.4;
b2.7: luu trit SNR vao bd nhé cho viée tinh toan tham s6 ndi suy & cac TTI sau;

b2.8: tinh toan bang tra ctru thich ung kénh truyén tng véi SNR duge thuc hién &

mo1 TTI n:

trich xuAt gi4 tri SNR duoc luu trit trong b nhé 1a céc gia tri SNR durgc ude
lugng ctia cac slot trude; tuy nhién, bo cac gia tri SNR cua khung thoi gian
ctl, khong cap nhat sat voi moi truong vo tuyén hién tai, cu thé 1a cac slot véi
chi s6 nhé hon n — 20;

tinh toan mudi ma tran trong so theo cong thirc bude b2.2 g vdi gia tri SNR
trich xuat, hai gia tri 46 rong ctra sd, va nam gia tri tri tré cuc dai;

cap nhat ma trin vao bang tra ctru thich Umg; dva trén viéc thich tng mo1
truomg thay ddi, chi cic gia tri SNR cita TTI gan nhat véi TTI hién tai 1a ¢6

v nghia; do d6, gi6i han kich thude luu trit 1a mudi ma tran ing vol moi gia
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tri 3¢ rong ctra s va gia tri trai tré cuc dai; viéc ndy cOn giup tranh tang do
phitc tap tinh toan cho budc b2.6;
luu y, vi gia tri ma tran trong s6 tinh toan & slot n dugc dung cho slotn + 1,
cac chudi xtt 1y sau khdi uéce lugng va ndi suy kénh truyén dugc uu tién thuc
hién va song song v&i qua trinh tinh toan nay, tranh gay anh huong thot gian
xtely L1 & slot n;

2.9: thich nghi chi s6 trai tré ciia kénh truyén:

qua trinh quét thich nghi chi s trai tré dwoc thuc hién dong thoi theo hai

phuong thic 13 theo chu ky va khong theo chu ky nhu sau:
theo chu ky: ban chat chu ky cang nho thi gia tri trai tré cang thich
nghi sat véi mdi trudng kénh truyén thay doi; tuy nhién, viéc quét
chon gi4 tri thich hop nhét c6 thé gay BLER tic thoi cho hé théng, va
chu ky cang nhé thi BLER cong don cang 16n; cu thé, c6 nam gid tri
chi sd trai tré cin dugc danh gia BLER trong mudi TTI; khi d6, mirc
BLER t6i da cta qua trinh thich nghi gy ra cho hé théng theo chu ky
quét N TTI 1a (10 TTI * 5 / N TTI); theo quy dinh cita 3GPP, chi s
BLER hé thong can duy tri d¢ dam bao chét lugng dich vu 1a dudi 5%,
do d6, chu ky N = 1000 TTI dugc chon, tuong tng 250 khung thoi
gian truyén 10 ms véi khoang cach song mang 30 kHz;
khong theo chu ky: trong truong hop méi truong kénh truyén thay doi
nhanh (c6 thé 1a tic thoi trong mot khoang thoi gian) va chu ky quét
1000 TTI khong thé dap tmg; thuc hién danh gia néu BLER hé thong
ting cao trén 5 %, thuc hién quét thich nghi dé giam BLER tuc thoi;

chi b trai tré dugc chon c6 ghi nhan BLER thip nhat trong mot lan quét;

b2.10: thich nghi chi s6 d6 rong cira s6 ndi suy véi kénh truyén vo tuyén:

thuc hién sau budc b2.9, néu BLER hé théng van cao trén 5 % hoac khong

¢6 cai thién so voi trude khi thich ung trai tré;
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thuc hién cAu hinh 1an luot cac d6 rong clra $0 noi suy mot RB va boén RBs
ctia kénh truyén trong mudi TTI lién tiép va ghi nhan BLER,; theo d6, mic
BLER ti da ctia qua trinh thich nghi gy ra cho hé thong theo chu ky quét
1000 TTI 1a 2 %,

chon chi s& d6 rong cira s ndi suy c6 ghi nhan BLER thip nhat;

c6 mot s6 luu ¥ cho bude b2.9 va b2.10 nhu sau:

BLER hé théng dugc théng ké & mbi TTI va dua trén 2000 TTI gan nhét hay
500 khung thoi gian 10 ms;

qua trinh quét chi thay d6i cac tham s6 va thong ké, khong 1am tang thém do
phirc tap tinh toan cho hé thong trong mot TTL.
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