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5G-based networking in unlicensed spectrum
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Abstract: Due to the growing demand for mobile communication services, the shortage of licensed frequency bands
is becoming more and more obvious. Therefore 5G networks begin to consider deployment in the unlicensed spec-
trum, that is, to employ the NR protocol in unlicensed spectrum to provide access services. The main challenge of 5G
networking in the unlicensed spectrum is to support LBT mechanism considering 5G new technical features and thus
to guarantee fairness with existing systems as well as efficient spectrum sharing, the impact of LBT on 5G network-
ing in the unlicensed spectrum was analyzed, the relevant standardization progress and challenges was summarized.
Feasible and innovative solutions were proposed for some key technical issues to minimize the impact of LBT failure
and thus to ensure the performance of 5G networking in the unlicensed spectrum.

Key words: 5G, unlicensed spectrum, listen before talk

4G T2 Bl A A A B AR A ARSI R 04 246 8 2
BLT Jog B i A S R, AR PR AT S il
VBN TARAERBURBL N JC B 5 R L — AT N 21 2 AL 55 45 2 AR IR 5K

1 3|ZF

Weks BHER: 2019-06-01; f&EIHHA: 2019-07-01
HEEWE: EHFRBERLHIESFBHE (No. 20172X03001028)
Foundation Item: The National Science and Technology Major Project of China (No. 20172X03001028)

2019178-1



Q.

BIERE 201945 7H

SR, PRI R FE 2 K R RE— B gk T 3 A U7 A
HAsM 2 otk, HEih 5G #ahEAE ks ik
i, G 3D/ S A KA S AR I 2%
AR 3 28 T SR DL R N VAR SR f > 153
(R RN P4 . ik, 5G B EhIE sy gk 4k
24 FR1 (450 MHz ~ 6 GHz, Xk sub-6 GHz)
R IA N Ty, — 7 AR e FR2 (24.25~
52.6 GHz, MFK above-6 GHz) #1413 LI,
R T I PRI A, FR1 CUOME DEAAk
B, HAS AR TR, 1 FR2
() I T BOUE e va /s, Hoad KRR, 58
LR SCRE . Btk 4G KBl 5G #ahil s
W9 2%t TF 46 2% FE AR AE R AUIBL (unlicensed spec-
trum, EFRGEVFAIHBL, G35 2.4 GHz. 3.5 GHz.
5GHz 55) MWHREIET, VAEMAHAUIB K H ) o

BB A L w VT AL =R e, Hal
FEIE A KA IEEE 802.11 PhiUk) WLAN
(wireless local area network, JCZk e ) £ A
&, BAsE 4k (0 7 AR I 8 K55 J) (best
effort) IIRSS, (HA SRR 3 1 LD fE
MG sl 5 M2 5 WLAN, S & L35 H
AMFEARN 2.5G/3G IR O, mdesk,
] A AL FE R A B 40 4 TR RIE 9 T S T A RS
FIEAE P45 H WLAN [K3LA7 5. 41 ABS
(almost blank sub-frame, )[4 [ ER) P
duty-cycle!® FI i i 4 7 45 BL I 1R % pE
WLAN Z 8] [} 22, 17 7% 1& LBTlisten before
talk, JEWrE) ZJF, B =BT A
[ T HEH WLAN P se 4 HLsl 4, BLSEEl
WLAN A 3647 53— Ui, B T A sh,
2 9T n 6 QoS (quality of service, RS
i) [RPREE, 5 i i Bk B K B T AR AR
E4A 3 0 QoS! I L M it ik g
FAE L MR IRLRA ToE H TC2A E ( f
ATk Joy b 0 245 11

FEFRHEA T I, DARBUIBAE ) CA (carrier

aggregation, K E) M4, 3GPP pre-R13
407 LTE-U (LTE in unlicensed spectrum, LTE
FERBIBAEN ), AHH T ASE: LBT ALl G
VEHEANHA S B AR XA 3GPP R13 45244
T 3ZFF LBT ¥ LAA (licensed assisted access, 37
KRB U, R SR 2% ) FL A
/) LWA (LTE-WLAN aggregation, LTE-WLAN
EE) o Ak, EEEE AR (Qualcomm) it H
FFFR T AMAL LTE BB £ SCHF LTE il
SEARE T ARRBUABLY MulteFire 2451, Bt
5G ARSI JR A Rk — 224K, AERAUIBLA MY
U BB S LTI 22— o fF 3GPP R15 58—
A1) 5G NR (new radio, JLZHrs 1) Pl )5,
3GPP R16 FFUATF5T 32 FF NR-U (NR-based access
to unlicensed spectrum, T NR [FJHERZ AU B %
A HARU, A NR PR RSB B (4%
MRS AER 5GNR 13 @ A#h 7 .

554G "1 LAA #LL, 5G ¥ NR-U H A 5G NR
T FEARTRE, HEY RN 2, SR
DC (dual connection, XUZEHZ) « NR-U JA7 i
RLE R AT B 5, Wi LBT 4%
FLGEIR R 5G NROFTHFIE . Bz stk Bk o
Pl ASCREET NR-U, HYH 5G IEEAUREB AL
W (R PR S R e E i, 9T 5G AR BUIBL A Y
BB OGR4 5G AEBAUI B 7. 41 1
DL 5 B AU B IR 4 e ik o 0T %, h 5G
A B AR AL B IS5

2 5C IERPURE AN T SR ENER

L 5G NR #HEL, NR-U 56 K045 R Bk ik 45
K H T LBT ALK SCRFRA & LBT 2R IMCHT R
S, MLANE AR . EREA . RiE
7855 SGOBMRETE LA RIS 3  NOE B S T
(S o
21 LBT

LBT /& IEEE 802.11 Pl i% i R i&,

2019178-2



"
‘!" /. 5G

«10 «

LAA/MulteFire H X 1Z M FEH A CCA (clear
channel assessment, ZSPRAFIEVEAL) , RIZESEAT
AR I WA o AL, W AR R A%
f51l, HAFERO S B, AR RUmBL 1)
G VF LRI F R, 3 2 B KB Can F AR
BREEED ¥ LBT 41k AU T AR 2516 51
JARIE NR-U 55 IEEE802.11 RG22 1) (K A4k,
NR-U ¥ 5 LAA —8Uf LBT/CCA L, 1
LAA 1] LBT/CCA #HLi#il>k T ETSI (European
Telecommunications Standards Institute, KXY EAG R
A PRSS) EE TN B, 54 & T IEEE
802.11 WU LBT Ji¥eit, Wil 1 s

7t LAA [¥] LBT/CCA HLiilH, 4 th BB L
BriE SR (i 2o NS RS I BE S I,
S5 F ICCA (initial CCA, #J4h CCA) ke, #F
ICCA KAy FfE1E, 8h G 1E R I8 3 K
AT FHIE, HEN eCCA W2 (extended CCA,

AR £ i A
valiii=lis!

R CCA) ke, PIE X AAE T MG E I s
TLEIWT B R S NI, ICCA R IR —ANER
NN iy 25 ps, ARG 16 ps FR 00 13 A []
19 ps )—ANIBRFW T, 7 eCCA 5 2 W Wy
— BRI IR N (N BOR 8 L B R
AR A9 ps RS, PAORIES IEEE 802.11
RGP AT, wiE 2 s, Hrh, g 5
WrrE A HIREOR B, X=4", Y=4", x A
MRS,y AR ERR IR Y x>y
i, g PHUER Y Y x> Ko ik%l z if, LBT
R
2.2 LBT 3t 5G AN EL LH W B9 520

h EIAW AT L, LBT R CH A5 %
MARBERLD T FEIED &4 NR-U AW LT
B2 AT B = A s, BV B — I A V5
R LBT RIMG RGEH R BEAIEK ., RRC {5
A ML AT Y 55 H i A5 ) To IR AR A I P BT YL

RIEARDIEMRE O HRE O REEE,
BEEASH BB K

IEEE 802.11 HAEN | g
2012 ™ Gk
IEEE 802.11ac BT
-2013 Wik

4 1 WhEE T O EAE Y T
ASRHERE Dl minn g
A
"

B i3 LTE LAA
Vo R AT, F

BRI T y

—H A, B KEE NR-U

K1 KRR ZUE S LBT BLb 2k 3

Wk
CCA
-
E,%)ﬂ'#fﬁﬁ‘ 8] Horfr:
1 E; Y] Bicca=16 us+mp><9 us
ACK. NACK
Ve Becea=16 ps+m x9 ps
CCA %‘ﬁi)\ K m” i
m SEEEALEHFES (CAPC) R
m, 111 3
CAPC | 1 213
g

2 ¥IUh CCA 5§ J# CCA

2019178-3



11 .

BIERE 201945 7H

1, 7T 0 8% 00 B8 2 i R AT S AR R
MBS R GE T 3K, LBT RMCK R NR-U
TN I 245 (1) IS S 39 o A ] SEPERRAIG, 1 i 5 v
F I QoS ANKZ5 AL (quality of experience,
QoE) . [HUt, wifr$gs LBT Zh®. /> LBT
SRIMCH R P PEREREI, S 5G FESZRUIBL AL M BT 1Hi
I 1 pe = EEBRAR, AR IR ARAFT . PS5 A
PR At 3 2 [ i ) i

2.3 5G JERISHEL A W AR E LI SRR
23.1 NR-UZEPH=x

3GPP £ X T NR-U 1) 5 NMEb&E 5, Lk
LAA ST 0 RGER: . MO EE R AT 23005
BSCRF

o st A BAUNIEL NR (F/hX, PCell)

FEHERZ AU B NR-U ChfiZ/hX, SCell) [H]
BPRS

o W5t B: TAUNEL LTE (E/DMX, PCell)
FAERZAUHBL NR-U (1 Z 4 /NX, PSCell)
(RIXEHE o

o W5t C: ARFRBUINE NR-U 7%

o 5 D: NR/DX, TFATIERAE, A7
FRIEL -

o M5t B BAUSBL NR (FE/RX, PCell) Fl
AEFAUIE: NR-U (EZ 4 /NX, PSCell)
I XEHE o

232 AFP@

H TGk T 38 4 I B AL# A\ (contention
based random access, CBRA) 77 % 4 20 i # . Msgl :
WP RIE; Msg2: WiRY: Msg3: ERIEK;
Msgd: ey, EARRBUR B & — 4R
i BT LBT, bl 5K 52 IR . ik,
NR-U 5IASCE 2 DRI (2-step
RACH) , I8/ D A8 HIRBORYE B NI % .
Hrfr, MsgA ¥ 2 /045 Msgl Fl Msg3 [ 2,
MsgB ¥ 2 /DAL & Msg2 Fl Msgd 1) P 2% o 5 N 1,
g — X 2-step RACH [1)y4 Bserh @ &

L SN (51 E 9 2 /1 35w e

fH T LBT ML TAEE#Z (physical layer,
PHY), TiAAH: A5l (media access control, MAC)
J2 VAL TCRFAFAHRAT B, B ICik IR A i 2R D
J& HH LBT JRMeid & b HAth Ji BRI 2008 o 4911 2 =4 SR
(scheduling request, EIEK) WM HT LBT &
WGk RIS, sr-ProhibitTimer 538G H, M
MM BE 1L SR 4482 2% o Sk f S ALL ) L HH IR, NR-U
SINSCHE PHY X _EAT LBT $r42 R AR AL,
RI4 LBT SR I — g IR BN 1A), 2835w (1) PHY
K MAC )75 LBT 542K MAC #] LA ph ok
5E AN I sr-ProhibitTimer %5 . AHMN M, 7 ZEiE—
RE EAT LBT FREERMC EARBLEI R fib A 45 A1 i
RS WA bR R S5 3EATARHEAL, o
233 =4|d

X PIERAS R S B, ARSI NR-U
TEAEH] SG NR AIBLHI1E N REHE, BUO7H NR-U
BB B FF NR-U Al NR-U 2§ NR 2 Ja]ff) /N X
Y. R, LBT )R ANFIREEE EFRAS
ZH RS MBS FL2 AR, M
iy 75 B0 AL B A S I G B A TR G AR
AR ik T 8 3E A I AL B RSSI
(received signal strength indication, FZIWAF 555 &
F87R) LARCUMT ROAE A IR . S H (5 5 B AE
Ht. SRR, HTAERBUE AT LIk 2 ANs
BRI, FIEEwZRA AL, TR
I PCI PR B, 7 S5 fE T 4 AR AU
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BB E ) DRB LAE T ARSI B, WIFE E A ik
JIT A QoS flow HIIEAT LBT, 1 LBT &)
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(channel state information-reference signal, 15 &k
SER-Z%159) 13431) RSRP/RSRQ/SINR, Jf
ARALHE S WS TE TR 15 DL RSSI (received signal
strength indication, FEWE 5 9ELIRER) Il CO
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