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NGHIEN CU'U GIA LAP THU TUC RACH
TRONG MANG 5G
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Tém tit: Theo biao cao cua GSA, tinh dén giita thang
8/2021 trén thé gidi da co 461 nha khai thac di dong tai 137
qudc gia/ving lanh tho di dau tu vao 5G. O Viét Nam, trién
khai mang 5G la mot trong nhiing hudng di trong tdm cua
viéc néng cao nang luc ha tang ky thudt s6, phuc vu chuyén
dbi s6 qudc gia, vi vay cudi nam 2020, nhidu nha mang
cling da thir nghiém thanh cong mang 5G. Véi muc ti€u
lam chu cong nghé, Viét Nam ky vong dén nam 2023 -
2025, mang 5G sé& duoc phd bién véi 100% thiét bi trong
nudce. Trong muc ti€u san xuét thiét bi 5G, viéc nghién cuu
va phan tich cac tiéu chuan cung cac giao thirc va thu tuc
thuc hién gitra cac thiét bi trong mang c6 ¥ nghia quan
trong. Vi vay, bai bao s€ tap trung nghién ctru va tr|nh bay
cic két qua gia lap thu tuc kénh truy nhap ngau nhién
(RACH), mot trong nhung tha tuc quan trong dé thiét lap
thanh cong két nbi giira thiét bi nguoi ding di dong (UE)
va tram gNodeB (gNB) ctia mang 5G.

Tir khod: mang 5G, thu tuc kénh truy nhap ngau nhién
RACH, truy ~nhg?lp ngau nhién dya trén tranh chap CBRA,
truy nhdp ngau nhién khong tranh chap CFRA, gNB.

I. GIOI THIEU CHUNG

Cho dén nay, nhiing loi ich mang lai cua thé hé mang
di dong thir 5 (5G) da tr¢ nén rat & rang. Ngoai viéc cung
cap toc do truyén dir liéu cao hon nhiéu so vdi cac thé hé
mang trude do, 5G con gop phan thiic day qua trinh chuyén
d6i sb trong nhiéu linh vie, mang lai nhleu tac dong tich
cuc cho nén kinh té toan cau va cudc song cua ngudi dén
trén toan thé gigi [1]. O giai doan dau trién khai, da s6 cac
mang 5G thuong mai déu dua trén kién trac khong doc lap
(5G NSA), 1a kién tric dua trén nén ting mang 4G nham
tan dung co sé ha t?mg cuia mang hién cé. Sau dd, cac mang
5G NSA nay sé& dugc chuyén dich dan sang mang 5G kién
trac doc 1ap (5G SA) véi ha tﬁng mang 151 hoan toan mai,
dya trén ¢Am may va a0 hoa mang nham dam béo thoi gian
két ndi nhanh hon (d6 tré thap hon), hd trg s6 lugng 16n
thiét bi dugc két ndi déng thoi. Viée ra doi cac mang 5G
SA dugc ky vong sé tao diéu kién don gian hoa kién trac
mang, cai thién bao mat va giam chi phi, déng thoi cho
phép tuy chinh, m¢ ra cac co hdi cung cép dich vu va tao
doanh thu méi cho doanh nghiép.

Tai Viét Nam, cac nha mang 16n da dugc ce“ip phép va trién
khai thtr nghiém thuong mai 5G tai hai thanh pho Ha Noi
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va TP.HCM. Ddng thoi, muyc tiéu dén nim 2030 s& phu
song mang di dong 5G trén pham vi toan qudc. Dé hoan
thanh dugc muyc tiéu nay, cac doanh nghiép vién thong
khong thé khong xét den viée chit dong san xudt cac thiét
bi 5G. Do vy, viéc nam bit va hiéu rd cac tiéu chuén, giao
thirc, thi tuc truyén thong gitra cac thiét bi trong mang 5G
la rét can thiét.

Hon nira, v6i muc dich cung cép nhiéu dich vu khac
nhau, mdi dich vu lai ¢6 nhiing wu tién va yéu cau chét
lwong khac nhau, chang han nhu: Dich vu bang thong rong
di dong nang cao (eMBB) va Dich vu quang ba/da phuong
tién (BMS) yéu cau hiéu suat phd va thong lugng cao, dich
vu xe ¢d cho moi thu (V2X) can tinh di dong cao va do tré
thip, con dich vu giao tiép kiéu may (MTC) phai dam bao
tudi tho pin dai [2, 3]..., tir 46 cho thdy c6 rat nhiéu van dé
dat ra cho mét giao dién vo tuyén 5G noi chung va thu tuc
kénh truy nhép ngau (RACH) noi riéng. RACH 1a thu tuc
cho phép dau cudi giri yéu cau thiét 1ap két ndi dén mang.
Két qua cua thu tuc nay 1 thiét 1ap dong bo duong 1én va
mot nhén dang dau cudi duy nhat. Vi vay, RACH cé vai tro
rat quan trong trong mang di dong boi diéu kién tién quyét
quan trong nhat trong truyén thong la thiét 1ap dong bo hoa
thoi gian gitra thiét bi nhan va thiét bi phat.

Trude yéu cau truyén thong do tré thip — do tin cdy
rat cao (URLLC) cua nhiéu dich vy, nhiing cai tién vé thu
tuc RACH dé c6 thé dap tng muc tiéu do tré dudi 10 ms
v6i do tin ciy 99,99% dang 1 nhitg van d& nghién ctru
mo&. Qua khao sat cic nghién ciru vé RACH, tac gia nhan
thdy da c6 mot s6 nghién ctru vé cai tién tha tuc RACH nhu
[4] dé xuét thu tuc truy nhap ngdu nhién dwa trén tranh chip
(CBRA\) tir bon budc xudng con hai bude, [5] dé xuat giai
phap RACH duya trén phéan bd Poisson thay vi phan bd déu,

.. Tuy nhién, ciing chua ¢6 nghién ctru nao dé cap dén viéc
gia lap qua trinh thyc hién thi tuc RACH. Chinh vi vy, dé
tao tién dé cho viéc dé xuit cai tién thi tuc RACH cung
viéc chi dong san xuit dugc thiét bi 5G, bai bao s& tap
trung chu yéu vao viéc nghién ctru va gia 1ap thanh cong
tht tuc RACH duya trén m6 hinh Client — Server, qua dé
thuc hién khao sat vé thoi gian hoan thanh thi tuc. Phén
con lai cua bai bao s€ duoc td chtrc nhu sau: Phan 2, tha
tuc RACH trong mang 5G s€ dugc trinh bay cu thé; Gia lap
vé thi tuc RACH va cac két qua dat duoc s& dugc trinh bay
trong phan 3; Cudi cing 14 phan két luan.

Il. THU TUC RACH TRONG MANG 5G

Thu tuc kénh truy cap ngau nhién (RACH) c6 chiic ning
rat quan trong trong hé théng mang di dong. Muc dich
chinh cua RACH la dat dugc ddng bo hoa két ndi dudng
lén giita dau cudi nguoi dung (UE) va tram gNodeB (gNB)
va nhéan tai nguyén cho ban tin MSG3 dé thiét 1ap két ndi
diéu khién tai nguyén vo tuyén (RRC).
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Pé UE két ndi duge véi mang 5G, viéc dﬁ“)ng b6 hoa
& duong xudng (DL: tir gNB xudng UE) va dudng 1én (UL:
tir UE 1én gNB) la rat can thiét. Trong d6, dong bo hoa DL
dugc thyc hién nho kénh déng bo hoa dic biét. Vi vay, tin
hiéu ddng bd hoa DL duoc phat dinh ky cho tat ca cac UE
trong thoi gian xac dinh. D@)ng b6 hoa DL dat duogc sau khi
giai ma thanh cong khdi tin hiéu dong bo (SSB). Bé dong
bd hoa UL va thiét 1ap két néi RRC, UE can phai thuc hién
thii tuc RACH. Tuy nhién, & UL, néu thyc hién giéng nhu
¢ DL thi s€ khong hi€u qua, lang phi nang lugng va gay
nhiéu cho cac UE khéc. Do vdy, qué trinh dong bo héa UL
chi nén dién ra khi can thiét.

Céc kiéu thii tuc RACH co ban thuong dugc xem xét
14 thi tuc RACH dua trén tranh chap (CBRA) va thii tuc
RACH khéng tranh chip (CFRA). Trong d6, thu tuc CBRA
thuong dugc str dung dé thyuc hién truy nhap ban dau va
thiét 1ap lai cac két ndi bi hong, con thu tuc CFRA duoc st
dung trong cac su kién li€n quan dén ché do két ndi. Trong
thi tuc CBRA (hinh 1), UE s& chon ngau nhién mot gia tri
phan m& dau (Preamble) tir mot nhém cac phan mo dau
dugc chia sé cho cac UE. Khi tranh chip xay ra (cac UE ¢o
cung phan mo dau), thi gNB s€ sir dung co ché giai quyét
tranh chép dé xuly vén dé truy nhap ndy. O tha tuc nay,
két qua 1a nglu nhién va khong phai tat ca cac thu tuc
RACH déu thanh cong.

<« RRC Connection Reconfig

Phat hign tin higu dong bd
< PSS/SSS/PBCH

MSGL1 - Preamble——» 2
Lép lich NPDCCH cho RAR

«-MSG2 - RAR: PDCCH/PDSCH
(Phan hdi ban tin RACH)

MSG3 : PUSCH————p

NPDCCH for MSG4

MSG4
Lép lich kénh PUSCH méi

owyuonny

— ~PUSCH: HARQ- >

Hinh 1. Luong ban tin trao doi cia thii tuc
CBRA.

Vi hoat dong ciia CBRA dién ra trong bdn bude, nén
n6 con dugce goi la thu tuc RACH bdn budc, cu thé cac
budc nay nhu sau:

(1) Buéc 1: UE truyén ban tin MSG1 cho gNB sau khi
nhan n6 dugc thong tin ciu hinh RACH tir ban tin SIB1
hodc RRC Reconfig. Ban tin ndy s& chira cdc thong tin
cAu hinh tai nguyén & mlen tan s va thoi gian;

(2) Budc 2: gNB truyén phan hdi truy cap ngau nhién
(RAR) cho biét d3 nhan phin mé& dau ( trang khép RA-
RNTI), cung cép ddng bo thoi gian, tai nguyén duong
1én va thong tin nhan dang UE (39 bit du tién cua 5G-
S-TMSI hodc mét gia tri ngau nhién dai 39 bit). Thoi
gian nhan RAR s¢& dién ra trong khoang ctra s6 phan hoi
truy nhap ngau nhién da dugc thiét 1ap;

(3) Budc 3: UE gui thong tin 1ap lich duong 1én qua
PUSCH. Cac ban tin béo hiéu do UE giri c¢6 thé thay
d6i theo cac tinh hudng truy nhap ngu nhién;

(4) Budc 4: Giai quyét tranh chap (MSG4), gNB hd trg
giai quyét tranh chap bang C-RNTI trén PDCCH hoic
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sir dung nhén dang phan giai tranh chip ctia UE trén
PDSCH. Viéc giai quyét tranh chap thanh cong néu gia
tri nhan dang giéng nhau. Giai quyét tranh chép khong
thanh cong khi bo dém thoi gian phan giai tranh chap
hét han, khi d6 UE phai thyc hién lai truy nhdp ngau
nhién néu sé lan thir truy nhap ngiu nhién van con.

l4—RRC Connection Reconfig
I

: Phét hign tin hidu d3ng bd

l4—PSS/SSS/PBCH

—MSG1 - Preamble—u

|
]
l< — Lap lich NPDCCH cho RAR

mopuipasuodsay-e.

]

]

|4 MSG2 - RAR: PDCCH/PDSCH
| (Phan h&i ban tin RACH)

]
I,

MS5G3 : PUSCH—bS

Hinh 2. Luéng ban tin trao déi cia thi tuc CFRA.

Vi thu tuc CFRA (hinh 2), phan m¢ dau duoc chi
dinh truyén boi gNB va goi la phan mé dau truy cap ngau
nhién danh riéng. Phan mé dau nay dugc cép cho UE thong
qua ban tin RRC. Do d6, khong c6 xung dot phan mg dau.
Khi tai nguyén danh riéng khong du, gNB s& 1énh cho cac
UE chuyén sang kiéu thii tuc CBRA. Do qua trinh thuc hién
ctia CBRA chi dién ra trong ba budc, nén n6 con dugc goi
1a thu tuc RACH ba budc. Trong do, buge 1: gNB cap phat
phan mé& dau cho truy cap ngau nhién (MSGO0) cho UE qua
ban tin RRC hoac DCI; bude 2: UE truyén phan mé dau
truy cap ngau nhién (MSG1) dén cho gNB; va budc 3: gNB
guri phan hdi truy cap ngdu nhién (MSG2) cho UE.

I1l. GIA LAP THU TUC RACH TRONG MANG 5G

A. Kich ban thuc hién

Trong phan ny, tac gia thuc hién gia 1ap toan bo hoat
dong cua thu tuc RACH theo kiéu thu tuc CBRA dién ra
giita gNB va 2 thiét bi nguoi dung dau cubi (UEL, UE2)
dwa trén khuyén nghi TS 138 211 - V15.2.0 [6] sir dung md
hinh giao tiép Client — Server qua Socket (hinh 3), trong d6
¢NB dong vai trd 1a Server, luu trit tai nguyén va thyuc hién
cac yéu cau cua Client, 1a cac UE1, UE2. Do d6, nhiém vu
cta gNB la m& hoa MSG2/ MSG4 sau khi nhan dugc cac
thdng tin can thiét twong tmg tir MSG1/MSG3. Con cac UE
s€ thyc hién mad hoa MSGI/MSG3 va gidi ma
MSG2/MSG4. Chi tiét dién giai md hinh nhu sau:

e Ca gNB va UE déu dugc thiét 1ap Socket thong nhat
phuong thirc tmyén ban tin, dinh dang cho dia chi IP
nhan ban tin.

e Phia gNB, khéi tao ham bind() dé thiét 1ap chi dinh
cac dia chi IP, dia chi céng cho phép cac UE két ndi
vao. Ham listen() duogc sir dung dé cho phép gNB doi
cac UE dén két ndi vao.

e Phia UE st dung ham connect() dé yéu ciu két nbi
v6i gNB, ca hai sé tién hanh cac thu tuc bat tay dé
thiét 1ap két ndi.

e gNB dong y cho phép UE két ndi vao qua ham
accept().

e Sau khi gNb va UE duoc két ndi véi nhau, cac ban tin
can thiét cua thu tuc RACH s& dugc trao ddi. Ham
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send() hodc write() dugc sir dung dé giri ban tin di,
con ham read() hodc recv() dugc sir dung dé nhan cac
ban tin giri dén.
o Két nbi giita UE va gNB dugc giai phong nhd ham
close().
Server (gNB)
Socket()

blind()
Client (UE)

Socket()

listen()

accept()

Connection v

Block until there
are connection
from client

establishment

connect()

Dat equest .
ata (request) write()
Process
request
. Data 1§
write() ata (reply) read()

v

Hinh 3. M6 hinh giao tiép qua Socket ciia Client-Server.

6} trang thai RRC _IDLE, ca hai UE thyc hién qua
trinh truy nhap ban diu dé chuyén sang trang thai
RRC_CONNECTED. Hai UE thyc hién tim kiém 6 va
nhén cac thong tin tr gNB qua ban tin SIB1. Noi dung
thong tin cdu hinh RACH, thong tin cau hinh UL, DL trong
mién thoi gian va thong tin cu hinh dinh dang khe lan luot
duoc thé hién ¢ hinh 4, 5, 6. Trong do, c4u hinh dinh dang
khe s& dugc UE sir dung trong sudt qua trinh truy cap ngau
nhién va tiép tuc sir dung cho dén khi UE ngit két nbi véi
gNB trong trudng hop thu tuc thanh cong. Viée cung cp
cho UE c4u hinh dinh dang khe dwoc xem nhu 1ap lich UL,
DL.

rach-ConfigCommon setup:
{
rach-ConfigGeneric
{

prach-ConfigurationIndex 159,

msgl-FDM one,
[¢ t nhin = -
s Pecatible msgl Frequen?yStarL 0, )
80 dBm zeroCorrelationZoneConfig 2,
preambleReceivedTargetPower -80, o3 bl weia ta
in truyén lai
preambleTransMax n20,
powerRampingStep dB2,
ra-ResponseWindow s120
Mie ting cdng suit sau
) méi lin truyén lai Preamble
’

totalNumberOfRA-Preambles 63,
ssb-perRACH-OccasionAndCB-PreamblesPerSSB one : nlé6,
groupBconfigured

ra-Msg3SizeGroupA b56,
messagePowerOffsetGroupB dBO,
numberOfRA-PreamblesGroupA 16

by

ra-ContentionResolutionTimer sf64,
rsrp-ThresholdssB 0,
prach-RootSequenceIndex 1139 : 0,
msgl-SubcarrierSpacing kHz30,
restrictedSetConfig unrestrictedSet

by

Hinh 4. Théng tin cau hinh RACH trong ban tin SIBI.

Kich thute cira sb gidi quyét

tranh chip = 64 subframes

Khoing cich séng mang
con cia MSG1: 30 kHz
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tdd-UL-DL-ConfigurationCommon
Khoing cich song
( mang con: 30 kHz
referenceSubcarrierSpacing kHz30,
patternl
{
dl-UL-TransmissionPeriodicity ms2p5,

nrofDownlinkSlots 3

:
nrofDownlinkSymbols O,m

nrofUplinkSlots 1

nrofUplinkSymbols 0

}
Hinh 5. Théng tin cdu hinh UL, DL trong ban tin SIBI.

SFN
Subframe | Subframe | Subffame | Subfame | Subftame | Subframe | Subframe | Subframe | Subframe | Subframe
4
slot | slot | slot | slot | slot | slot | slot | slot | slot | slot | slot | slot | slat | slot | slot | slot | slot | slot | slot | shot
0 1 2 3 4 5 6 7 8 9 w1 12 13 | 14 15 | 16 | 17 18 | 19
slot | slat | slot | slot | slot | slot | slot | slot | slot | slot | slot | slot | slot [ slot | slot | slot | slot | slot | slot | slot
0 1 1] 1 0 1 0 1 0 1 [1} 1 0 1 0 1 0 1 0 1
D D | D FlUu[D| DD FLUu([D D | D Flul|D D D F [pus

Hinh 6. Dinh dang khe thoi gian cdu hinh tir SIBI.

B. Két qua gid ldp
B.1. Két qua truyén PRACH Preamble ciia cdc UE

Céc ndi dung lién quan dén truyén PRACH Preamble
cia UE1 va UE2 dugc thé hién ¢ hinh 7 va hinh 8. Qua d6
nhan thay sy tuong ddng trong cac tham sd Ve thoi gian
truyen phan mé du ciing nhu cac théng tin vé phan mé
dau nhu Prach config, Preamble format, RA id.... Sy twong
ddng nay thé hién ca hai UE nay da truyén ciing phan mé
dau va dan dén tinh trang xung dot trong thii tuc RACH.

SFN: 476 frame: 9 slot: @
SPN: 476 frase: 9 slot: 1
VE send msgl

51k | | | | | | |
| \Syum Tine ol | [ | [sm [RAR Window End SFM [Backoff |
| bol|Prach [Preasble | | Sub 1 Sub [ouration |
[o [Frane |s ame [slot \surl [ConfigiFormat  [RA Td|RA RNTE n ane Ur.sse [Slot [Frane [Frame [Slot |(usec) |

|RAR Window Start |

| o a7l 9 1 el
SFN: 477 frase: @ slot: ©
SPN: 477 frase: O slot: 1

Hinh 7. UE1 giti PRACH Preamble.

159] FomuaT 8| 12 7] 4m2) e el 418 e o ol

5325 | SPM: 476 frame: 9 slot: ©
36 SPN: 476 framer 0 slot: 1

5327 UE send msgl

5328

s20 ||| | | | | [RAR Window Start | | |
5338 1 ISys(Em Time | | \ I \S H [RAR uinﬂaw End SFN |Backoff |
5331 1 Sub | Symbol |Prach |Praanb1 Sub |Sut | |puration |

I
s32 | e |Frame \Frame |sm Istart[contlglrornat \Rn 1d]Ra RNTI \Frame mame |sm [Fraﬁe [rane fstoe [fumeer ™ |

5334 1 el ar6] 8 1| el 267] 477\ el el a7s| el el el
5335 SFN: 477 frame: e slot: @

5336 SPN: 477 freme: O slot: 1

159| FORMAT Ba| 12

Hinh 8. UE2 gui PRACH Preamble.

Do UE lua chon ngiu nhién mot phan m& dau cho thu
tuc RACH dé thyuc hién déng b hoa UL. Phan m¢& dau
duoc tham chiéu dén mot gia tri dinh danh. Gia tri nay dugc
xem nhu 14 RA id hay RAPID va sé& dugc UE sir dung dé
xac nhan viéc truyén ding ban tin MSG2.

Céc tham sb thé hién trong bang 1 nhu:
ngey mod 1 = 0 cho biét UE c6 thé truyén PRACH & moi
SFN, tham s6 Subframe number biéu thi khung con ma UE
c6 thé truyén va tham s6 PRACH configuration Index =
159 thé hién viéc UE c6 thé truyén PRACH & khung con
tha 9.

Bang 1. Cdu hinh PRACH Configuration Index [6].

PRACH Preamble | nspymodx | Subframe | Starting | Number Nf"’-""f‘ NEA.
. =Y number | symbol of

Configuration | Format b PRACH Nu:‘nber PRACH
Index x ¥ slots °f"'“,e’ duration

withina | domain

subframe | PRACH

occasions

within a

PRACH

slot
139 B4 | (1] 9 o 1 1 12

Khi @6, vi tri ky hiéu tmyén RACH dugc tinh toan nhu
sau:
= ly+nfANRA +14nf8, =14

trong do: I, = 0,nf4 = 0, Nf4 =12,nf4, =1
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Dong thoi, vi tri truyén RACH trong mién thoi gian va
tinh toan gia tri RA-RNTI ciling dugc thé hién & hinh 9, hinh
10.

Subframe 9

Slot 0 Slot 1
0(1{2(3|4|5/6/7(8/9(1 (1|1 |1|1|1|1|1|1|1|2|2|2|2|2|2|2|2
0 1)2)3)4|5/6|7(8(9/0/1,2|3(4([5(|6]/7
0[1{2(3|4|5/6/7/ 891 (1[1|1]|0|1|2|3|4|5|6|7 8(9(1|1|1]1
011213 0]1)21]3

D6 dai cua Bl

Hinh 9. V; tri truyen PRACH trong mién thoi gian.

Subframe 9
Slot 0 Slot 1
G123 4[5[6| 78|91 1 [t 1 [t [t |0 [Tt [t ]z|2]z]z]2]z]z]2
o f1f2 3 fals]e 78 ]ofo]uf2]3]|4]s]|6]|7
ofu |23 456|780 [t [t v [0 v |23 |4 [5[6]|7 8 91111
o |1 f2]3 o |1 l2 3
M carrier
RA—=RNTI = 1+ 554 + 14.t34 + 14.80. fig + 14.80.8.ulf] =267
Msgl-FDM one fia=0 ° Carrier
SFN
Subltame | Subframe | Subfame | Subfame | Subframe | Sublmme | Subframe | Sublmame | Subframe | Subffame
] 3 4 3 7 8 9
slot | slot | sot | slot | slot | slot | slot | slot | slot | siot | slot | slot | siot | slot | slot | slot | slot | slot | slot | slot
o |l 23| a|ls s 7|89 |23 |u|is[s]ir]|s]9
slot | slot | slot | slot | slot [ slot | slot | slot | slot | slor | slot | slot | slot | slot | slot | slot | slot | slot | slot | slot
o i Jol i loel v lofifolrlofrfolilofifoli]olnt

Hinh 10. Tinh toan gia tri RA-RNTI.

B.2. Két qua ban tin MSG2 giki t6i cdc UE

Hinh 11, 12 thé hién noi dung ban tin MSG2 ma cac
UE nhén dugc tir gNB. Khi nhén ban tin MSG2, UE thuc
hién kiém tra RAPID c6 khép véi RA id duoc gan cho UE
hay khong. Néu khép tham sb Result s& nhan gia tri
RAPID_MATCH biéu thi truyén ding ban tin MSG2 t&i
UE; Con khong khép, tham sb Result s& c6 gia tri
RAPID_FAILD, diéu dé c6 nghia gNB da truyén sai ban
tin MSG2 va can thyc hién lai thi tuc RACH.

Céc két qua ¢ hinh 11, 12 cho thdy cac UE di nhan
dung ban tin MSG2. Do hai UE giri ciing phan md dau nén
cuing c6 T RNTI va phan b tai nguyén cho MSG3 (cung vi
tri trong mién thoi gian va mién tan so).

SFN: 477 frame: 5 slot: 1
SFN: 477 frame: 6 slot: @
ghB send 2
|SFN |Max | | | |
|Backoff | [Ta | |

I
I |Sub |
|# |Frame |Frame |Slot |Duration|T RNTI |Value|Result |

| 8] a77| 6 al 8| 32577 al RAPID_MATCH

Hinh 11. Ban tin MSG2 gui toi UEL.

5345 SFN: 477 frame: 5 slot: 1

5347 SFN: 477 frame: 6 slot: @

5348 gHB send 2

B340 | s o
5359 | IsFn |Max | | | |
5351 | | |sub | |Backoff | T8 | |
5352 |# |Frame |Frame |Slot |Duration|T RNTI |value|Result |
BE353 | s
5354 | o] 477] 6] 8| a| 32577| 8| RAPID_MATCH
5355

Hinh 12. Ban tin MSG2 gui tgi UE2

B.3. Két qua ban tin MSG3 giti téi gNB

Hai UE thyc hién giai ma truong Ul Grant dé 1dy cac
gia tri phan bd tai nguyén trong mién tin s§/thoi gian phuc
vu truyén MSG3. Cac thong tin sau khi giai ma dugc thé
hién nhu hinh 13. Cac tham s6 “Modulation Order Qm” va
“Target code Rate R” thé hién muc diéu ché ciing nhu tbe
d6 bit dugc st dung tai 16p vat Iy. Hai tham sb “L_RBs” va
“RB_start” giup UE xac dinh vi tri mién tan s giri MSG3.
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Hai tham s “k2” va “delta” giup UE xac dinh vi tri mién
thoi gian dé truyén MSG3.

7189

7118 | Infor Ul Grant field
7111 | ------
7112 |Freq Hopping Flag|MsG3 PUSCH |MSG3 PUSCH
7113 | |Freq Resource |Time Resource |
7114 -
7115 | 8| 6325| 14| 3| 4] a|
7116

7117 | Infor after UE decode M5G2:
7118 UL Arfcn

7119 MSG3 5CS

7128 | RB_start

7121 | L_RBs

7122 k2

7123 delta

7124 |Modulation Order Qm

7125 |Target code Rate R x [1024]
7126  power_trans_msg2

| #sc [Tcp for JesT |
|MSG3PUSCH  |Request |

w
@
=
=
N

[ A
MENWARS
o o
@

Hinh 13. Théng tin nhén duwgc sau giai ma UL Grant.

Do ¢6 ciing thong tin tai nguyén dé giri MSG3 dan dén
cac UE s& giri ban tin MSG3 tai cing vi tri mién thoi gian
va mién tan sb duoc thé thién tai cic tham sb Frame,
SubFrame va Slot. Vi vay, n6i dung thong diép quan trong
ma UE s& guri 1én gNB sé 1a dinh danh cua UE. Thong diép
nay s& gop phan giai quyét tranh chép trong ban tin tiép
theo.

7134 | SFN: 477 frame: 9 slot: @

7135 SFN: 477 frame: 9 slot: 1

7136 | UE send msg3

7137 |information of Msg3

7138 |rrcSetupRequest

7139 |{

714@ |—sue-TIdentity randomvalue: '8110011111866118011616818111661161816041 B
7141 |—establishmentCause mo-Signalling,

7142 |}

R e et
7144 | |system Time | | |
7145 (. |sub | |HARQ | |
7146 |# |Frame |Frame |Slot |Id  |Mac PDU |
FLAT7 | oo
7148 | a] 477| a] 1] 8] be & €6 69 73 51 3

7149

715@ |SFN: 478 frame: © slot: @

7151 | SFN: 478 frame: @ slot: 1

Hinh 14. Ban tin MSG3 duoc UEL gui toi gNB.

Noi dung ban tin MSG3 cua cac UE guri téi gNB duoc
thé hién & cac hinh 14, 15 cho thay cac gia tri mién thoi
gian 1a gidng nhau. Sy khac nhau cua 2 ban tin ndy nam
& gia tri “ue-ldentity randomValue”, gia tri nay la dinh
danh dugc gan cho UE.

Hinh 16 thé hién céc gié tri trong MAC PDU dang HEX
duoc tham chiéu dén cau trac MAC PDU MSG3. Chudi
s6 “67 C6 69 73 51 biéu dién gia tri cho tham s “ue-
Identity randomValue”. Con gia tri “3” biéu dién cho
tham s6 “establishmentCause”.

5381 SFN: 477 frame: 8 slot: @
5382 SFN: 477 frame: 8 slot: 1
5383 UE send msg3

5384 |information of Msg3

5385 |rrcSetupRequest

5386 |{

5387 i—NuE—Identity randomValue: '81110611011680010811811188110180661110118°'B
5388 |—establishmentCause mo-Signalling,

5389 |}

5308 | s e e e e e e o
5391 |System Time | | |

|
5392 | lsub | |HARQ | |
I

5393 # |Frame |Frame |Slot |Id  |Mac PDU |
5384 | s e e o
5395 | e a77| 8] 1| 8] DB 73 61 6E 63 76 3

5396

5397 |SFN: 478 frame: & slot: @

5398 | SFN: 478 frame: © slot: 1
5399 SFN: 478 frame: 1 slot: @

Hinh 15. Ban tin MSG3 dugc UE2 gui téi gNB
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7137 information of
7136 rresetupequest
{

7140 rancomvalue: ‘o1 ‘8
7141 —establishmentCause mo-Signalling,

4z |}

7143

Tih || |Systen Time 1

yas |||

TUT | emeenneeee

nas | el &l sl i sl be, e e e 7 s 3
7149 - ‘—V—’
TISe SPN: 478 frame: @ slot: @
7iS51  SFN: 478 frame: @ slot: 1

Hinh 16. Tham chiédu c4u tric MSG3

Isub | |Hang |
7196 | frame [rame |slot |14 |wac Pou

B.4. Két qua gidi quyét tranh chdp ciia gNB qua ban tin
MSG4

Khi cd hai UE gui cung mét thong tin chinh x4c trén
cung mot vi tri mién thoi gian/t'?m $6. gNB sé thuc hién
gidi ma ca hai ban tin nay. Trong trudong hop nay, gNB
giai mi thanh cong thong tin cia UE1 giri dén va thyc
hién ma hoa ban tin MSG4 dua trén nhitng thong tin giai
ma duoc.

UE1 nhan ban tin MSG4, so sanh trung khdp nhén
dang d6 phén giai tranh chap v6i CCCH SDU va thuc hién
gan TC RNTI thanh C RNTI (hinh 17). Bi véi UE2, do
gNB gidi ma khong thanh cong dan dén noi dung trong
nhan dang d6 phan giai tranh chp khong tring khép voi
CCCH SDU. Thu tuc RACH thuc hién boi UE2 dugc xem
la khong thanh cong va phai giri thyc hién lai (hinh 18).

7159 | SFN: 478 frame: 4 slot: 1

7160 | SFN: 478 frame: § slot: @

7161 | gNB send msgd

L2 S e e L
|Contention Start | | |

7163 [
7164 1 Isen |sen

|contention End SFN | ]

7165 11 |sub | | |sub | Isul | I
7166 |# |Frame |Frame |Slot |Frame |Frame |Slot |Frame |Frame |Slot |C RNTI |
TABT | mme e s
7168 | e ars| 5| e ars| e e sa 9 1] 3277|
7169 |intial rach complete!

7099 | SFN: 477 frame: 5 slot: 1

7108 SFN: 477 frame: 6 slot: @

7101 giB send 2

TIBZ | amememeamanms et ntatmseatassssasstsstasessssisssssssssssssssss

7103 | IsFN |Max

7104 I |sub |

7105 |¢ |Frame |Frame |Slot |Duration|T ANTI |value|Result

LR e

7107 | el a7 6 9 o] (32577) @]  RAPID_MATCH |
7188

Hinh 17. UEL thanh c6ng thu tuc RACH

| | |
|Backaff | Ima | I
I

Céac hinh 19, 20, 21 thé hién cac ban tin gitta UE va
gNB dugc giri va nhan ding véi cac vi tri truyén UL, DL
nhu di dwoc cdu hinh trude do. Két qua nay cho thiy, UE
d3 dugce ddng bd héa UL nhu yéu cau dit ra.

5403 SFN: 478 frame 3 slot: 0
5404  SFN: 478 frame 3 slot: 1
5405 SFN: 478 frame 4 slot: 0
5406  SFN: 478 frame 4 slot: 1
5407 SFN: 478 frame 5 slot: 0

5408 gNB send msgd
5409 Intial rach faild!

Hinh 18. UE2 khong thanh cong thu tuc RACH.

SFN 476

MSG1
Subframe 9
Slot 1

Hinh 19. V; tri geri ban tin MSG1

SFN 477
B[ D[ D[ T
MSG2 MSG3
Subframe 6 Subframe 9
Slot 0 Slot 1

Hinh 20. V; tri gui ban tin MSG2, MSG3.
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SFN 478

MSG4
Subframe 5
Slot 0

Hinh 21. V; tri gui ban tin MSG4

C. Khdo sat thoi gian hoan thanh thu tuc RACH

Tién hanh cho UE truy nhap nhiéu lan dén gNB dé
khéo sat thoi gian thyc hién thanh céng thu tuc RACH. Céc
két qua & bang 2 cho thay thoi gian thyc hién thanh cong
thi tuc ti 1& thuan véi s6 lan 16i ban tin MSG2. S6 lan
MSG?2 bi 16i 1am tang dang ké thoi gian hoan thanh thu tuc
RACH. Theo thong tin cAu hinh RACH trong ban tin SIB1,
kich thuéc cira sb phan hdi ban tin MSG2 (ra-
ResponseWindow) 1a 20 khe twong tng vai mét khung la
10 ms. Néu MSG2 nhén dugc ngoai ctra ) phan hdi, UE
s& truyén lai ban tin MSG1. Qua trinh UE truyén lai MSG1
dugc mo ta & hinh 22.

Bang 2. Liét ké thoi gian hoan thanh thu tuc RACH

Lin | Théi diém RACH | Thoi diém RACH | S5 1n 131 T::: :;;:
thir Trigger Success MSG2 (Iin) )
1 10:35:29.605 10:35:29.681 3 76
] 10:45:37.353 10:45:37.390 7 37
3 10:46:07.825 10:46:07.879 3 54
2 10:50:27.673 10:50:27.709 2 36
5 11:02:52.218 11:02:52.276 3 58
3 11:09:42.427 11:09:42.465 2 38
7 11:10:04.160 11:10:04.215 3 55
8 11:11:26.593 11:11:26.664 3 71
9 1:11:41.918 11:11:41.974 3 36
10 11:18:37.695 11:18:37 813 3 18

i %MSGZ i
‘ | ‘
“’“‘m:@” L 777777 ra-ResponseWindow- — - —— - » Frame n+2 %

‘ ‘
_BEoA

MSG1

;

Frame n+3

i
| Frame n+1
i

Hinh 22. Qud trinh truyén lai MSG1.

Gia sir, UE gii MSG1 tai khe 19 cua khung n theo
thong tin cdu hinh RACH, thi UE sé& bét dau chd nhan ban
tin phan hdi RAR tai khe 0 cua khung n + 1 va két thuc
nhan ban tin tai khe 0 ciia khung n + 1. Néu ban tin RAR
khong dugc guri hodc khong nhan duge trong cira sé phan
hoi thi UE phai giri lai ban tin MSG1 tai khe 19 ctia khung
n + 2. Qué trinh s& két thiic khi ban tin RAR nhan duoc
trong cira sd phan hdi hodc sb 1an truyén lai vuot qué gia
tri PreambleTransMax. Ctr mdi 1an truyén lai, thu tuc
RACH s& bi tré khoang hai khung (20 ms) véi khoang cach
s6ng mang 1a 30 kHz. Tac gia thir didu chinh giam kich
thudc ctra s6 phan hdi va giit nguyén s 1an truyén lai
MSG1, két qua 1a thoi gian thyce hién thanh cong thu tuc
giam khong déu, do xac suat MSG2 bj 15i (nam ngoai cira
sO phan hoi) ting, nén s 1an truyén lai MSG1 ciing ting,
lam cho thoi gian thyc hién thanh cong thu tuc khong co su
cai thién 16 rét. Tuong tu, khi ting kich thugc ctra s6 phan
hoi thi xac suat MSG2 bi 15i giam, kéo theo sé 1an truyén
lai MSG1 gidm, song thoi gian thyc hién thanh cong thu
tuc cling giam khong déu. Chinh vi vay, viéc lya chon kich
thude ctra s6 va sb lan truyén lai MSG1 cin duge khao sat
ky ludng theo nhiéu bo tham sé dé dam bao dugc do tré
can thiét cua thu tuc RACH dbi véi mdi dich vu cung cép
hudng dén ciia mang 5G.

TAP CHI KHOA HQC CONG NGHE THONG TIN VA TRUYEN THONG 126



NGHIEN CUYU GIA LAP THU TUC RACH TRONG MANG 5G

Ngoai ra, tic gia ciing thuc hién khao sat tham sb Bl
(Backoff Indicator) véi cac gia tri 20ms,10ms va Oms. Boi
Vi thoi gian dé UE thu lai thi tuc RACH bao gdm thoi gian
tré giri MSG2, thoi gian cho BI va thoi gian chd dé gii
PRACH (Tmsg2+BI+ Twait msg1). Két qua dat dugc vé thoi
gian tré trung binh (Tayg) ctia thi tuc RACH dugc thé hién
& bang 3 cho thdy anh hudng ciia BI dén tré truy nhap thu
tuc RACH. Tuy nhién, sy anh huéng nay con phu thudc
vao kha ning truyén PRACH trong mdi khung.

Bang 3. Thoi gian tré trung binh cua thu tuc RACH.
BI Thoi gian ré thi tye RACH (ms)

(ms) Linl | Lan2 | Lin3 | Lin4 | LinS | Lin6 | Lin7 | Lin§ | Lin9 | Lin
10

0 | 25426 | 25502 | 25418 | 25,521 | 25.510 | 25,541 | 25,419 | 25,512 | 25493 | 25,506 | 254848
10 [ 35447 | 35546 | 35,520 | 35491 | 35473 | 35413 | 35467 35587 | 35329 | 35447 | 35472

Tog(ms)

20 [ 45420 ] 45,363 | 45,897 | 45441 45.393|45.4?‘J|45‘43‘) 45910 | 45344 | 45483 | 455169

IV. KET LUAN

Bai bao da nghién ctru va gia l1ap thanh cong thu tuc
RACH qua kich ban str dung mot server lam gNB va hai
client 1am UE. Céc qua trinh trao ddi ban tin gitra UE va
gNB cua thu tuc RACH hoan toan dién ra theo dung
khuyén nghi TS 138 211 - V15.2.0 [6]. Bai bao s& dat nén
tang cho nhimng dé xuét cai tién thii tuc RACH va hudng
mé cho viéc nghién ctru nhiéu thu tuc trao d6i thong tin
khéc gi cac thanh phan khac nhau trong mang. Tac gia hy
vong v&i nhimng két qua dat duoc s& dong gop thém vao
muc tiéu san xuat thiét bi 5G cua Viét Nam.
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STUDY ON EMULATION OF RACH
PROCEDURE IN 5G NETWORK

Abstract: According to a report by GSA, by mid-August
2021 around the world, 461 mobile operators in 137
countries/regions have invested in 5G. In Vietnam, 5G
network deployment is one of the important directions of
improving digital infrastructure, serving the national
digital transformation. By the end of 2020, many carriers
have also successfully tested 5G networks. With the goal
of mastering technology, Vietnam expects that by 2023 -
2025, the 5G network will popularize 100% of domestic

SO 03 (CS.01) 2021

equipment. Therefore, it is extremely important to learn
and understand the standards and protocols and procedures
for exchanging information between devices in the
network. Therefore, the article will focus on studying and
presenting the simulation results of the random access
channel procedure (RACH), one of the important
procedures to successfully establish the connection
between mabile user devices. (UE) and the gNodeB station
of the 5G network.

Keywords: 5G network, random access channel
procedure RACH, Contention Based Random Access
CBRA, Contention Free Random Access CFRA, gNB.

Nguyén Thi Thu Hién, Tt nghiép
Thac si Ky thuat Vién théng nim
2010 tai Hoc vién Cong nghé Buu
chinh Vidn théng. Nhan hoc vi Tién
sy nganh K§ thuat Vién thong nim
2020 tai Hoc vién Cong ngh¢ Buu
chinh Vién théng. Hién 1a giang vién
khoa Vién théng 1, Hoc vién Cong
nghé Buu chinh Vién thong. Linh vire
nghién ctu: Xu 1y tin hiéu, md hinh
hoa hé théng, thong tin vo tuyén, k§
thuat ma hoa kénh, kién truc may tinh.
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