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Abstract: For the 5G New Radio in Unlicensed (NR-U) spectrum scenario, a novel random access mechanism is
proposed, which first adds the channel idle timer in Random Access Response Window (RARW) and
contention resolution window to reduce the accessing delay caused by the contention-based accessing and
employs the Request To Send/Clear To Send (RTS /CTS) mechanism to address the hidden node issue. The
mechanism can alleviate the latency incurred by the legacy mechanism which did not consider the intrinsic
attribute of unlicensed band and the hidden node problem. Specifically, the legacy random access mechanism
applied to NR-U is analyzed. Then, the detailed elaboration of the network entity interaction sequence defined
in novel mechanism is proposed. Finally, the performance evaluation processes are carried out in the way of
mathematical modeling and experimental simulation, and the analysis result demonstrates that the novel

scheme outperforms the benchmark one in the respect of the average random access delay.
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TCPrx
B (Texa + Tors)”
SE; = 5 5
(2Tc Px)(Terrs)” + (TIc)“SEy
TCPrx
SE1 = e MTi11 + Ti12) + P Tinx2 + ProcaTirxa
— 2Tppse” 2 (24)

5.4 FREUHILEISE [RERHETY S AT R EIFERT T EE
A RARW 5 CRW H ] 52 I 5% 24 1 T )1
*HL{—J‘Q’ $T0_7(3)<T0_7(2)ﬁijy m‘*lﬂjiﬁ(25)
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To—73) < To—7(2)
=270 Txo PrxoTsirs +2T 01 Tixa PoaTsirs < SE1 T Teo

- ﬂx? + 7;)(4 < 1
SETc1Tco SE1TciTco
2Tco ProTsrs 2701 PrxaTstRs

SE; = Topre + Topge > — 2Tprse 2
(25)

R(25) 5 —F A, H LA Rl O e
(T Do) I TEAERIE FOTI, 2(25) AL

HE—35, 20 SR B SCHR[9,10] FF 47 % o
BEOMS G2HTHEI & T T BB BOMS G2
HOFER KT Trys 3K BEIRMS G2 1 AN kit
Jr ek P LRI 52 L AL R L AR HL

(_T \/ TeaProt T(']P|xl( TSII-’H)2+ Ty Tey SEA Typg
SIFS»
TcIPrx4

~Typss TCZPrx‘ZJ'_ TC]Prxl( TSII-'S)2+ Te, Ty SE+ Ty
TCZPer

B 5 AR LIRSS B L NI AR, 1 L4
RuE7(a)—E7(b) . FTLLEH, “FIHFEN bE
HRARWECRW H 5 18 25 I T I 88 10 B T [
IR0 BT 25 RE BRI s (1 B L g — 25
FE T BT A BEALEE NS RE RS2, R P24k
I 2 AL T A5 R BRI s B (1P Y HERT
NIRRT o 5T T 2 W (21) BRI K R o
R, R T 2(25) sk (21), (T, Tow) B
TR/ a5 XA, 387 B LA 25 RS B ek s i
1) S5 RE I 1B /N T AR 5 R RREUNT i (1T 3 FERT
é\TZleTDIFS:2TSIFS> To1=Tco=Tc, Pro=

Pou=P. 3\(25) 0 it 3 (26).

TeaPoot Ter i Toiws) *+ Tea Ter SEt Tars, T ol
Tc]Prx4

: 7—’('2P1x2+ T‘(JP xl( TS[]‘S)2+ T’("Z T('ISEJ+ TS[]'S‘ TS]]'S

T

TC2P x2

((] SEI T(‘l T(‘Z) T
2T Tops rxd To=Try

___________ B Y IS Yoot =T
(= Tsirss Tsirs)
T,
Tyy="Tr,
8 W92 To.7(3) < To-7 ()N (Tarscas Torea) THUELTE
—
. B
(0.,0) ”
:Z—’I‘X'Z T’Lx%
(2%2’0) SE, Toy Ty i SE, T, Tey =
2+ rx2 = SIFS 2 T(‘QPer TSIFS 2 TmP‘-x,L TSIFS

K9 ﬁﬁ/‘\iTgJ(g) <T0_7(2)HTJ‘ (Trx2 ’Trx4) HIEUE G
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SE; = Tphirse (1 — 2¢72*) + Thpoe ™ (26)

ASCHR B R RGNS T —MEE TR T
aE N Ty MBUEEEZ %, SE1E T H T 1
K6, B8P wa XN, Hr RN AL T 1% 42
GIKI

BT AT AR I IR AR, B (508 2 LTI A
& 1T, A6 ms, BAAFRALT (1 ms, 5.6 ms)Z [A]F£
ANCUETE AN LA EE S N T 2 BUE A G 7% T
K6, EI8HRiE X, 447 7T (5.6 ms, 6 ms)
Z A, WA EVE T E e X2 Ah . FEAR SR
ZHl, KT & E <5 ms, FHENH—ERT
T GEHLH] .

6 Z5RiE

AR T —F R HF5G NR-Ulg 5t #8 8
BEMLEE AL . Z B B AL > A AERARW S
CRWHMA T(EIE NI 2%, UE@E X5 E T
PREDR S ARG I A HE U0 DX 8 0 PR AR A, Z AL 7E R
T OL R AR BEN LR N FE RORERT o [, At
— BN T RTS/CTSHLH K i e B s 5wt 1 1)
L. P A BE AL T YRR I O T A AR
R o

2 % XM

[1]  LIN Guanyu, Chang Shirong, and WEI H Y. Estimation
and adaptation for bursty LTE random access[J]. IEEE
Transactions on Vehicular Technology, 2016, 65(4):
2560-2577. doi: 10.1109/TVT.2015.2418811.

[2] DE ANDRADE T P C, ASTUDILLO C A, SEKIJIMA L R,
et al. The random access procedure in long term evolution
networks for the Internet of things[J]. IEEE
Communications Magazine, 2017, 55(3): 124-131. doi:
10.1109/MCOM.2017.1600555CM.

[3] 3GPP TR 37.868 Study on RAN improvements for machine
type communications (releases 11)[S]. 3GPP Standard,
2011.

Communications, Budapest, Hungary, 2013: 5168-5172. doi:
10.1109/1CC.2013.6655404.

[5)  YOON C. Distributed queuing with preamble grouping for
massive IoT devices in LTE random access[C]. 2016
International Conference on Information and
Communication Technology Convergence, Jeju, South
Korea, 2016: 103-105. doi: 10.1109/ICTC.2016.7763445.

[6) ALI M S, HOSSAIN E, and KIM D I. LTE/LTE-A
Random access for massive machine-type communications in
smart cities[J]. IEEE Communications Magazine, 2017,
55(1): 76-83. doi: 10.1109/MCOM.2017.1600215CM.

[7]  ZHANG Ningbo. An improved random access procedure for
M2M communications[C]. 2016 IEEE Wireless
Communications and Networking Conference, Doha, Qatar,
2016: 1-5. doi: 10.1109/WCNC.2016.7564738.

8] QUALCOMM INC. New WID on NR-based access to
unlicensed spectrum[R]. RP-182400, 2018.

[9] SAMSUNG. Random access response reception in NR-U[R].
R2-1816312, 2018.

[10] XTAOMI. Counsiderations on extending RAR window
size[R]. 2019.

[11] MEDIATEK INC. LBT impact on random access procedure
in MAC[R]. R2-1901079, 2019.

[12] ERICSSON. 2-step random access for NR-U[R]. 2019.

[13] INTERDIGITAL. Random access in NR-unlicensed|[R].
2019.

RIEML: 55, 198244, M LREIE, BFAH MINSG. ke S
ToLkH.

DigaE: 55, 198844, BHBEITFM, #FFJ7MANLTES5GRE.

WIRAL: 2, 197744, 14, W7 MNGRRELL.

B ¥ B, 1976%EAR, WEACG, LA, WIS IR ToLE
(CRE B2 R EREY (3L NN €A A=Y (2

B9l B, 19774, IEmRCLRRNE, WS, BTy
TIRELIEE RS 5G. Wi-FiR4:.

SRS T


http://dx.doi.org/10.1109/TVT.2015.2418811
http://dx.doi.org/10.1109/TVT.2015.2418811
http://dx.doi.org/10.1109/MCOM.2017.1600555CM
http://dx.doi.org/10.1109/ICC.2013.6655404
http://dx.doi.org/10.1109/ICTC.2016.7763445
http://dx.doi.org/10.1109/MCOM.2017.1600215CM
http://dx.doi.org/10.1109/MCOM.2017.1600215CM
http://dx.doi.org/10.1109/WCNC.2016.7564738
http://dx.doi.org/10.1109/TVT.2015.2418811
http://dx.doi.org/10.1109/TVT.2015.2418811
http://dx.doi.org/10.1109/MCOM.2017.1600555CM
http://dx.doi.org/10.1109/ICC.2013.6655404
http://dx.doi.org/10.1109/ICTC.2016.7763445
http://dx.doi.org/10.1109/MCOM.2017.1600215CM
http://dx.doi.org/10.1109/MCOM.2017.1600215CM
http://dx.doi.org/10.1109/WCNC.2016.7564738
http://dx.doi.org/10.1109/TVT.2015.2418811
http://dx.doi.org/10.1109/TVT.2015.2418811
http://dx.doi.org/10.1109/MCOM.2017.1600555CM
http://dx.doi.org/10.1109/ICC.2013.6655404
http://dx.doi.org/10.1109/ICTC.2016.7763445
http://dx.doi.org/10.1109/MCOM.2017.1600215CM
http://dx.doi.org/10.1109/MCOM.2017.1600215CM
http://dx.doi.org/10.1109/WCNC.2016.7564738

