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ABSTRACT

This paper analyzes the physical layer specifications and technologies for 5G NR-U (New Radio-Unlicensed)
which was standardized in 3GPP Release 16 for unlicensed spectrum services. In particular, the enhanced
technologies of NR-U, compared with the basic NR standardized in Release 15, are also examined. More
specifically, targeted spectrum for NR-U, channel access procedure, data transmission, control signaling, and initial

access procedure, etc. performed in the physical layer of NR-U are analyzed.
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hede E 13 zro] nd6(5.150 ~ 5.925 GHz)3}
n96(5.925 ~ 7.125 GHz)°|" TDD(Time Division
Duplexing) ¥ 2glc) 7]Eoll= 5 GHz djdqt
o] NR-U®] e}5l 2~ E&(Targeted Spectrum)©]3i2
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Table 1. NR-U Targeted spectrum.

NR UL DL Duplex
operating band operating band operating band Mode

ndé 5150 GHz~5.925GHz | 5.150 GHz ~5.925 GHz TDD

n96 5925 GHz~7.125GHz | 5.925 GHz ~7.125 GHz TDD

2.1 NR-U Deployment Scenarios
5G o)A 7]%<l 4G LTEE v¥sldellr 283}
7] S18) #F3He LTE-LAAZR: 7]$3) v]add o,
NR-UL: W3]l A7 5% okv njs|tfednke-
AHgste] ER1H o R g-go] shssiths 54 1A
a2 9lrk 53AR] 8- o]9]o|% LTE &a= NRO| ¥3
3} A -8o] 7Fs3he F-A1%e] NR-U2] A7)
Al}2] 2(Deployment Scenarios)= 13 1ef|4] &<lst
& glekl
AUE] 2 A= NR¥Z NR-US| CACE &%) NR
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Y FAFCR AR e Al AU L A2E Lo
At} A.1-2 SCellell4] NR-U7} DLRH: #]5}a A2
£ SCellell4] NR-U”} DL9} UL 252 #|3th=
Aelzb olek CAel AR wf wHEHY S
FR(Frequency Range) 12] H&|tfd v} 7302 A}
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Scenario A

Scenario B
A1 - SCell: DL only A2 - SCell: DL + UL
gNB gNB

ASASRAYA

PCell SCell PCell SCell PCell PSCell
NR NR-U NR NR-U LTE DC NR-U
UE

UE UE

NR — NR-U CA LTE — NR-U DC

33 1. NR-U A7 Ayele
Fig. 1. NR-U Deployment Scenarios.
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2.2 Physical Layer Signals and Channels
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2.2.1 Initial Access Signals and Channels

IDLE #}elle] RRC(Radio Resource Control)_IDLE
Aelfel] 9lwl THH(UE: User Equipment)< H|o|E] %4
< 3p7] $lsl4 ACTIVE A}el]ql RRC_CONNECTED
R Agtslol gk olwf, w2 ally dA~
(Random Access) AA5 F=3gkc}. o] A A ~E
Eax] ke 5G 7]A]5HgNB: gNodeB)# UL 7]
7Aoo 28E  C-RNTI(Cell-Radio
Network Temporary Identifier)S Sttt Ec}

o] e WA~ x| A AR UE7} gNBollA
Bl Z2]lE(preamble) A]F~(sequence)°l] A=
£ Zo)7} =31=|3]r)l. SCS(Sub Carrier Spacing)] =
71l we ZF2} 15 kHz SCSell tlallA+= 1151 length,
30 kHz SCSell Hai = 571 length7} =I=]9ick Al
22 ZE|UE A Holo] &gl o R nHF &
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WA Hd AF AH R A5 5 A =H3la vlHE
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Bandwidth)ol] tig+ Al 223t 5= olA] =ik

7|1Ee] Ze|fE A5 al AMEE S F
3L AE AYE ] wistel Ay dal AAp) 218
FYelle B8} vk UEZ} AR 391 AdS 2y
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I 2. 3GPP Release 159} Release 162] Zz|iE Zo] Zjo]
Table 2. Difference in preamble length of 3GPP Release
15 and Release 16.

Release 15 Release 16

Short 139 571

Preamble 139 (with repetition)
Long

Preamble 839 151

olglgt 7 ¢ sk
A 23 Ze] o Al Zol7} mq)EwA] 7]Ee

85 839 length+= H|HF Y22 255+ Ao

H“ AR 5 SA = dek o=k 139 length= A1~
o] ulE-g- Ejle] A= 4= 9lrh 3 20)4 Release
159} Release 1694 A== Z2|)E Zo]e] zjo]
£ gkoldt & g} B

2.2.2 DL Signals and Channels

£ 42 NR-UE 918 577} s Wi7dsl E2] Al
ekt DL Alse} Sl s Adwgicl 4
DCI(Downlink Control Information) format 2_0, *}&
Al E81¥l search space set group switching,
PDSCH(Physical Downlink Shared Channel) mapping
type Bell 3715 DM-RS(Demodulation-Reference
Signal) $12], of2 7ie] ®uEl=] 912 74d0] 7Fssl
%] search spaceell osf ¥AJ3kc}

i) Enhanced DCI 2_0

PDCCH(Physcial Downlink Control Channel)E %
& A5EE DClE 2 22910 we} 25 (format)o]
25} o] 5 o] UEeAl £3slot) 2L ¢e)7]
918l AH8=]+= DCI format 2_02 53 == AHx
= olle} Rl

- slotFormatCombToAddModList
: Slot Format Indicator %14
- availableRB-SetsToAddModList-r16
: available RB set Indicator %1~
- co-DurationsPerCellToAddModList-r16
: COT duration Indicator %1
- searchSpaceSwitchTriggerToAddModList-r16

: search space set group switching flag %1%

919} #ro] DCI format 2_0S- <% £, Ad 35
|4+ 717}, available RB(Resource Block) set, search
space set group switching®} 7+ A 2.5 UEe|A| A%

Cicd %fs}w AHEEITE UE= A17F 3 <(time domain)
oA F-2 COTel| tgt A X5 COT duration Indicator
= 53l & 4 slek Wk UEelZl COT duration
Indicator”} H1EE|A] &= 7J-$-ol]&= SFI(Slot Format
Indicator) & E34] -2 COTE I8t <= glet 9}
= *d9(frequency domain)oil41€] COTel| tigt A=
available RB set IndicatorS %3 UEdA] A==}

o] ol nHs{th o] -gollx] 4m] AHE Fol7|
%18l A18-=]+= search space set group switching] &
£ 4= 9 DCIE 53l A=k

ii) Search Space Set Group Switching
Search Space 3 °lli= =7 CSS(Common Search
Spaces)2} USS(UE-specific Search Spaces) -+ 7F*|7}
oJrki Z+ UEA| Type 3-PDCCH CSS set &+ USS
set-2 2 Z|t) 2702 groups T3t 2172 groupell
Qe (index) S A& 4 9Jr}. UEE COTE #5535
7] 918} 4743] 2ligk PDCCH ®uE]=]o] 2 a3}
A7k COTE 2 ’E‘é‘__ o] Fol % oo} e RUE|R)S
2)&ghchd Bg 85 AHo| AnEr) o]F WH|3laL
Z} Release 16°ﬂ = COTE F53 o]F "53]
PDCCHel| tiafjA=t 4—‘451 35 5337] 9138l search
space set group switching®] =]]1=|9ic} o]e} e
switching> Ths Al 7FA] Wb e g 4= )k
2 WA W2 DCT 2_09] explicit bits ARE-s=
Zolt}h, b o g A== WP o DCI format
2_0c°ll #4333} search space groupell gt A X7} &
o9l QlEl A Audsl= explicit bitS AHE3l= 7o)
t}. DCI format 2_0°l= search space set group
switching flagE WePl= field7} 9le switching flag
Zholl w2} e = groupe] ST explicit bit
Toll Aktgle] Bte|M7t 55 AY COT7F 55
switching ©]%1 Alel 2 Zol7lc}
ole]gk Wi el gt X E 27 26l4] 1T

DCI20  group 1 &d3t
flag = 1 timer A|&H

A aroupoagroup

A - groupoonly

J% 2. DCI format 2_0 < 53+ search space set group
switching

Fig. 2. Search Space set group switching by bit value of
DCI format 2_0.
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et olel]l aRlelA FHRHMoRE FAE A=
group 07} 1¢]] T3k Wj-go] glom 2EM T FAH
2192 group 091 THEk U}&RHE 71Iek o]w] DCI 2.0
9] flag Fro= 10] E01.91 vt &3llA] group 17F
< ZAslelaL sl9 ele]mzt AlEkEIel UE+= group
10] 22t ke Aol chaRl W jel S Sradeieh
T WA v-2 search space group % 1] f-&
g PDCCH 533} Ao S3)=ic 7] 39} 3lo]
UE7} AMAlelA] 53+ PDCCHE ©=]51d the &3
ol group switching®] 3= 17 group 11FS- A3}
3= elo]™7} A=) switching ©]% Elolniz} £37.
=]7] Aol &3 PDCCH7} Ak elo|ri=
2718} § opA] ARk 3714”1 switching-2 Aot
A e
vx|o 2 elo]w] gkgol| s % switchinge] 4
ot %= olrk 31 WA Wl DCI format 2_0% o] &
3le] switchinge] Aol wije} 7 A Wl gk
PDCCH 9#| & switchingo] Qold u =& elo|rj=
AL 7] 49} 7o) Sl elo|wr) FsE vigA
3151 groupel] tit EERIE Hwslr} ohA] AdsiEich

group 00l group 1 Eg3}H
valid PDCCH &l timer A|E}

77 717 /5w

A aoupoagroup

A - groupoonly

a2l 3. &gk PDCCH ©A 3 search space set group
switching

Fig. 3. Search Space set group switching after valid
PDCCH detection.

group 1 25}

timer M"* timer T2
M - oroup 0 & group 1
& couo

% 4. elo]] FZel & search space set group
switching

Fig. 4. Search Space set group switching by expired
timer.

iii) Additional DM-RS Positions

v|m3] )] -84} LBT(Listen Before Talk)<}
e a7k A43)] 18l B] $F(nonsslot) 714k

974

2] PDSCH #%5 ¢4l 7+5°1%1 PDSCH mapping
type B HWAlo] ol5= f-83lv} Release 1594+
PDSCH mapping type Bell ti3}e] OFDM A%
(symbol)2] Zol7} 2, 4, 6, 791 751t 2| UA=|gl ot
Release 1694]+= OFDM Al&-2] Zo]7} 2~13 Al&a

w 25 X(=w o]9} 4 DM-RS #|Fe] 7Fs3dt
912 w3 F7EA ek A7 dell4] DM-RS7}F AR
& Sl FoHl Zolo} f1AE Ao s v
fraAgk ~A|1ZE=)o] 7Fs3HA E9la o] LBTVF AZ
=3l o DM-RS7} vk2 A5 5 9= 7=
=Tk

|

£ 3¢4 $1ZE Release 159141¢] PDSCH
mapping type Bell tdF DM-RS positions & 1.1
Q222 Release 16°] t3F DM-RS positions S 1.

). B 21Z Release 15904 PDSCH A]&-2] Ao|7}
2, 4, 6, 74 W DM-RS+ PDSCH<®] } Z+ 4914
Aol wisg & 5 gl ol 4= 3 WA DM-RS
AlE-2] $x]o] PDSCH mapping type BollA+ 02
2 AAE]) o]d Hl] LEZE Release 16°94=
PDSCH AlE-2] Zo]7} 23-¢] 139 uff tekgh 9127}
A== s A% 4 9lrk

HlHE Y $-8olA F-831A AME 5 gl )
<% 7|4} PDSCH mapping type B H219] DM-RS+=
&3 7A]7} old PDSCH7| A131El= 3 W5 OFDM
Aol Atk el m 2 oleld 4 NS B
DM-RS $]xlel digh §94 Z7pF 92 =9l
DM-RS?| o]} 7k 7|41S wis|te] -8-lMm 5
A A-8= %k
E 3. Release 159} Release 162] PDSCH DM-RS positions

Table 3. PDSCH DM-RS positions in Release 15 and
Release 16.

DM-RS positions
. PDSCH mapping type B
ir?lsi;::t::ls dmrs-AdditionalPosition
Release 15 Release 16
4 7 2 3 pos0 | pos1 | pos2 | pos3
2 13 I 1. I I 1.
3 - I I [ L
4 I I I I 1 2
5 - - I .4 L, 4 1,4
6 P I, 4 P 4 L4 L, 4
7 I 1,4 I L4 L4 1,4
8 B 1 6 | 1,36 | 1,36
9 I 7 I, 4,7 1, 4,7
10 1. 7 I, 4,7 1, 4,7
11 I . 8 1,4,8 |1I,3,69
12 1 9 1,59 |63,69
13 1. v 9 1,59 |3,69
14 - - -

iv) Replicated Configuration of Search Space

spte] sHelefr}t Ful dellx] ¥l 20 MHz
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=+ /5G NR-Unlicensed®] &3] A% ZF ¥4 71&

ol Ad HHFE ARS8k - shtel Ad oo
= tollA] of2] 7he] RB seto] A8 5= Qlek o] ¢
CORESET(Control Resource Set)¥} 3 thidr]e]
search space+= 18] 71¢] ZUEE A= A2 &
oAt} o]= 2t RB setvheh 242ke] LBT A= 23}
a1 UE7} o3 71e] RB sets 47 ZUEEE = gl

#|d8t7] f13telch

o] A5 dhte] A thedF Wellx oJ2] 7He] RB
set®] A== 79 7 RB set Wloll4] CORESET?]
A5 25 59} 3] thE RB setel] LA HAl8)
of A4 & k. o1 % 3] UEE: 7 RB setoll ]
Aol A (Control Channel)el| tHgk 7iHE=] <l 2L E]H
& % o wes 5edow & 4 sk

A2 CHE RB seto| A S CORESET 74

RB set #1 RB set #2
1 — N
|

‘ [=:0%

J8l 5. A& v} RB setell*] 5d3F CORESET 74
Fig. 5. Same configuration of CORESET in different RB
sets.

2.2.3 UL Signals and Channels

o] Aellxi= NR-US #J3l &2 #Al1Z-2] ULeIA 3
7k A M7=l Alse) Ad Sl gk 8-S ohEch
A}EAl =3]%] PRB(Physical Resource Block) 11|
o]2~ &, PUCCH(Physical Uplink Control Channel)
£ %3 AL+ RBES] #4, SRS(Sounding
Reference Signal) 1= $]%]2] 714, sh1e] DCIE &
3k ojz] 7Bl <I%Ael PUSCH(Physical Uplink
Shared Channel) 2~A1%=) W2} gl 27 7)<
Rk

i) PRB Interlace Structure

NR-S- H[HEthqellA] -&5h= 7% PSD7} A3k
= TAPE AL A 2| Helx= o] A7 2 skE el
th. PSDell wh3t Al W F = 2ol A Ao
Agre] gl Zelrh

b o AEE = so] 2 =(payload) 7} L A
J oo Z(CBW: Channel BandWidth)2] &l3wt A4
of| AMgE= 73 HofelE AE3l] S8l A==
S Z(BW: bandwidth)-> 2fo}x]32 PSD iAol w2} 71
g Hd FAl YL v o Rink 1A1E RSk
F& FA AH-e A ]| (coverage) T HolAAl &
o} 7222 PSD TfAlE REEEA $4l AEE Fd
slsl7] $leiAlE Wl o do]l2er) HA =

Interlace 1

‘ Interlace 0 ‘ ‘

BWP

T2 6. BWP Slg]dlo]lx 2
Fig. 6. Interlace structure in BWP.

E dfof ghth o] & 38 19 63 3H2 g i
A lEj#|o](interlace) 5 WA AFSgo 2 £
Al AHE =] sted ARl i3t SHAIE ST
5 olek olzlgh AA WAlE F3te NCB(Nominal
Channel Bandwidth)2] 5% u]-& o|Ato] A& ojo}
k= OCBoll gk 774 =3 253 5= glrt

Release 1694+ 9]¢} 722 OCB<2} PSDel| th&lk
TAIE PUCCHS} PUSCH =5l thsf]l PRB 2lE{o]
2 FEZ E8iEic) QlEdlo]~w= PRBY /e
SCS9] =7]e| we} th=c) 15 kHz SCSQ! % M
= 109 QlEJHe]~, 30 kHz SCSS] 3% M = 52] glE]
o]z} A A=w, oju] M2 g QlEjHlo] ==
PRBO| F7]& oJulghke} o]e)] we} 15 kHz SCSellx=
Zd] 1071, 30 kHz SCSellA&= 2ol 5719 qlej#o]~
TE7} HEolA = glem sl Qo] 2= MA
9] F7|ulr} BHEE= RB setol] 23] A=k

ii) Extended RBs for PUCCH

gk AojlA] Release 16 7+4-> PUSCH #5F oz}
PUCCH Aol| Qlejdo|2~ 737t A9 & =5
A= 91-8-2 &elalgdth PUSCHS} 2] PUCCHE
AlEe] Zol, ¥l Epbit)e] gl we} 571x]¢] o s
R L= e

¥ 4= PUCCH 7+ £712] OFDM Al&-2] 7l 2
e = Alo] AR MBS 5 EAS el 29
W EAe wet QJElHe] RS A o3t
(multiplexing) A1 W] tl2A] =1=]g]e}. 5714

¥ 4. PUCCH Z9¥ EA3} 49
Table 4. Character and descriptions for each PUCCH
formats.

PUCCH Length Number

format |in OFDM symbols |  of bits Description
e e | e
2 1-2 52 zstﬁr;rgcé%
? am 2 UE multily_;l)er;(gin[;ufls’gll-lﬁfx| e
! A 2 L 47H9Iiol?€”fglcr$|t:ltiplexing
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PUCCH 2% F format 4= \l-> AH2IA|l|4] ALE-3}
7] $18 =il Zlo R ke AR 8-S FEE
gz vl M= ARSEA] Stk aEER
format 4= #|)8F VP A] formate] Qlej#|o] s FZ2e}
st Whell thste] Adrdgiel

w#] PUCCH format 03} 1-& shte] Qlejgjo]~
RB set A58 A 43kc) SkellA] A3k Az} 22o] SCS
9] z7)el wel Ag== PRBY 717} thar 15
kHz SCS2] 7$- 107} ==+ 117]2] RBE©] M = 10
712 ddEw, 30 kHz®) 7% 1070 == 11712] RB
20l M = 55 F7|E gd=ich

13 72 30 kHz SCS2% 107]2] RBe] M = 52]
He = JElHo)~ 27 FAEE ZS K= B
FaL gk o] dAelx = QlEjHle| 2 FE2E T3k
shte] dlolelE 50702] PRBE HA| =% gl

t}2-° 2 PUCCH format 2+ Release 1594]% o]
2] 7)¢] RB A¥o] 7Faal ot 2 16712] A=l
RBHFS A|413]3]t). ©]% Release 1694 3} =
T 7Re] QlEle] mje] 2|SlE g A=k
PUCCH format 0, 13} 59317 SCS¢] =7 w=}
PRB7| &9=]= 7] 2eiklch. 22y} format 29
A= Fd 2709 <lejdlo] 2 mljsgo] X|=]7] wfie|
1749] Qlef#le]2~d o) 107] == 1170¢] RB, 2749
lefeo]~d w) 207 == 22709] RBe] A54 4=
otk shte] Qlejdo] g FAEA] 7 7] QlEjdHe]
25 TAEAE do|Re Z7)of wet i o]
Rro] Z7P7F A5 shte] e o]t 284

ok ol= B AFES F5dof drh= AR st
o] dloJe]d] H|E 47} 2552 A== RB2 7H
7} Aefof sp7] wistolct.

177¢] JEjHlo] Hfo] AR uf 2 T 4 length
2] OCC(Orthogonal Cover Code)E QPSK(Quadrature
Phase Shift Keying) 412l 2-83}e] oJ2] UES] dHlo]
El7} vk 4 oAl sisdeh s ededelx] occ
E AMESle] sl SRS SRS EA AE &
40 & AMELaL OCBe gk A4S 258 <+ 3l
ok 2 2709 QlEj#le|2r ) AR wii= o]t o}
F3= AR e tEEshA] felw AlgE =
RB2| 757} Bong of2f3t thashrl H ashA] o]
ufjFolck

713 82 PUCCH format 2 7-52] A& Yehiar
3t} 30 kHz SCS2& 3ol glej#o]~td 10749
PRB°| M = 59| 7|2 F43=]¢] 9k % 20712 PRB
o dlo]el7} FdEmE OCCE ALalA] Solw B3
AFES 5T + Ik

nlx|etke 2 PUCCH format 3 X3} format 22} 70|
Hlo]2x2] Z7)e| wet 17] mi= 2719] QlEjde] A
%3 X|4g) ofat k9] format 0, 1, 29} 22| format
3ellA= 1170 RBE] glEjHlo] 2~ AE R4l Brls3)
t} o] A 7Pzl el $1%]8F UE7} PUCCHS A%
3} uj format 37} ARS-E] 3 NRel|A Ale] 71Ak=}z]
UESA dlo]e]E A43% o] DFT-s-OFDM(Discrete
Fourier Transform-spread-OFDM)-3- 2-8-3}7| wji-o]
t}. DFT-s-OFDM-<< DFT #-3.7](encoder) 4 37|

k.

IRB2|

B [ [ T W T T

[es] [ T T 1

PRB 0 PRB 5 PRB 10

PRB 45

2| 7. PUCCH format 0 mx 19] Qlej#o]~ 3 oJA] (30 kHz SCS, 107§2] RB, M = 5)
Fig. 7. Example of interlaced structure in case of PUCCH format 0 or 1(30 kHz SCS, 10 RBs, M = 5).

Interlace 1
PRB 1 PRB 6 PRB 11 PRB 46
[ B [ [ [ B [ [ | e | [ | T [ I [ [ ]
PRB O PRB 5 PRB 10 PRB 45
Interlace O

12| 8. PUCCH format 22| QlEJ#Ho]2 F3 of|A] (30kHz SCS, 10719] RB, M = 5, 27]<] Qlg]#jo]x)
Fig. 8. Example of PUCCH format 2 interlaced structure (30 kHz SCS, 10 RBs, M = 5, two interlaces).
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M

=%/5G NR-Unlicensed®] &2 7% %% #4243 7%

(decoder)®] FAM3-E 57| 918 RBO] 7147} 2 =
3 e 59 nllpel Afolut ARgE 5 QlEE AdA|
ek 1R 11709] RB> AR 4= glon] shie]
Slejdlo]~ 72 uf 107] == 2719] slejgle]~
zd o 20718 RBE°] A4 4 slth

o213} format 3] DFT-s-OFDM2] AH-& OCCE
A3l 9leA = format 29} 2= T3l °d9] OCC
o] A& B15sA) gtk 1212 R format 3ol4E
A7} 3ol 4] 8= = pre-DFT OCCE #8307

A sk skl

iii) SRS Transmission on Every OFDM Symbols

v EH S 835k ol sl 7l A
A& AAE skt dole] A$3} FAlell UL A
o] EAE wletslr] 913k UL sounding S 88k A
o] Fg&Aolck UL 22| 545 gelslr] f18) AHS-

= SRS Release 159014 & <32 wix|2} 671 4]
E ol Mut 145E 4= 9l3dth ©]F Release 16914
g &5 Jl°] ®E OFDM AlEellA] SRS %] 7hs
= e gle) o] SRSO| £3F ¥ AW=AE
A7 1] L5 7|MEe R LBT7} 3= u]ws]
dle] -gellae] A4l gl dik e 271417
o}, SRSS] A% 75 $1A00] ik e wslejed &
FolHE FAsPI A g=lgich

iv) Multiple Contiguous PUSCH(s) by Single DCI

Release 16941 UE7} DCIZ E33ksls A|71S
Z0]7] 915 312 DCIZ AHgsle] ofe] 7)e] <14
¢l PUSCH 2AlE3S & 4= Q)%= 3t} PUSCH
AZE= ol A%+ TDRA(Time Domain Resource
Allocation) H]o]Eo] Z+ 3j¢l] Zo}f 87l¢] PUSCH=
el 4 S Sl 7 el £ 23

ymbol

o]l [T TTTTTTTTTT T T [euscmeuscrue]

R PUSCH SLIV SLIV SLIV
ow ?
Index | MaPpPing Ks

type Start | Length | Start | Length | Start | Length
j 0 14
Type A j 0 12
Type A j 0 10
Type B j 2

Type A

Srlwn|=

Release 160f|A F7HE B2
#|CH 87 PUSCH 2H EE 7Hs

12l 9. <1444l PUSCH 2A1E3S $13F TDRA
Fig. 9. TDRA for contiguous PUSCH scheduling.

(offset)?] K,, SLIV(Start and Length Indicator Value)
2 v fel digk AR} gl kR Al
¥ PUSCH®] =& DCIel|4] &&= TDRA H|o|E-2]
o] FAE &3 SLIVE] 7ol 25 AAlxlc)

15 9of|x] e} 7ho] 7t oA QYR AR ol
PUSCH A& 7}2] 3 9).om DCIE E3lo] el gk
4 Aol ojz] 7|¢] PUSCHE ~AEHE 5 3l

)12

2.3 Physical Layer Procedures

o] Aellx= NR-UE 3l 22| AlTellA ali=l=
ofe] AAjel] Fafl A&k COTE E531] S8
gl A A%, UB7F eNBote] 571342 913l =3
sk 27] 44 ), UE7} dlole] 541 o] 3
HARQ A iAol dhsl] 7id= 2ol 43t =
3 % CG 53} nigsitfele] Yrje] -l
A= ool

o

2.3.1 Channel Access Procedures

HdE e} 82 shte] M-S o= UEZ} 3+
slo] ARgSl7] wiitell A AL Aabt D asieh
Release 16°] NR-U+= COT 52 918l 2714 A2
M4 28 ¥RS x]%1gktl LBE(Load-Based
Equipment)el] AME-== 54 Ad AH<S(Dynamic
Channel Access)¥} FBE(Frame-Based Equipment)©l|
AHEE w42 A2 A <1(Semi-Static Channel
Access)®] itk

A 91e] 271 A AL -8 WA T 3 Al
54 A A% ko] 49 A%l wel of) 4714

% shiel f8E A

Type 1
Cat 4 LBT with a contention window
Type 2
Type 2A: Cat 2 LBT within a 25 us sensing interval
Type 2B: Cat 2 LBT within a 16 us gap
Type 2C: Cat 1 LBT with a gap of no more than

16 us without channel sensing

| WA Type 1 LBT®| 7-¢- Cat(Category) 4 LBT
2315 3b# CW(Contention Window)Z 53l gNB 2
2 UEE} A3sle] COTE &531t) gNBe} UE
25 Cat 4 LBTE COTZ E5Ss)7] 313 A8t
(initiator)7} & 7 3lch AJSiA}= gNB &= UEEE]
AL 8 ML Z(back-off) S FaFrozH Hd
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¥ 5. CAPCHY Defer Period & CW
Table 5. Defer Period and CW values for different
Priority Classes.

CAPC o | Wainp | CWinay, p T cot, p Allowed CW,, sizes

3 7 2ms 3.7

15 63 8or10 ms {15, 31, 63}

m,
1
1 7 15 3ms {7, 15}
3
7

rlw | N

15 1023 8 or 10 ms | {15, 31, 63, 127, 255, 511, 1023}

AME- 7Fs o5 7RIcE e S ek CWek
Ade] % Atel(Idle State)E 71A|3H= defer period
£ F 5949} %] CAPC(Channel Access Priority
Classes)°ll We} 445+ gho] deizlck™

Cat 1 LBT$} Cat 2 LBTE Type 2 LBTol| £33k}
gNB ¥+= UE= Type 2 LBTE- 53l A2 t}E Z710
A oE AAAL F53 COTE 3-fsle] A&
Wk COTE 3-f3he 7 A% H2E(burst) Ale] ZF
A(gap)d] =719l w}e} Type 2 LBTE= 3714 £R/=E
HrelAle,

Type 2 LBT % 3! ¥1#= Type 2A= Cat 2 LBT®]|
&3} 7 AE MAE Alo]e] ZHAe] 25 us o]
uf ARg-¥lct.

T WA= Type 2BE Type 2A2} 317 Cat 2 LBTOl|
S} 7 A BB Alole] 7HAo] 16 s Wl ARS-
= o] 7H4 <t sl Ade oS ARSIl i
el = g = oo} gich

Al WA= Type 2CE Cat 1 LBT2}% g} &
A& WAk Alo]e] 7HA0] 16 usHr} #ofof she A
& MaEE FHd 584 ps7bA] AEE 4 9lrh

Type 2 LBT|| thgh oA 5 25 1004 & = 9k
gNB7} WA Type 1 LBTS £3l] COTS ES3}o]
DL dleJe] Hol] A8}, ©]F- UE7} Type 2 LBT
2] Frell wiel A A7H] gap o] % Hlo[ElE A53t
S 24 COT sharing2 =38 4= Qich

o|AH & A'd ALl COTE 53] 134
+ Type 1 LBTS A3} Type 2 LBT+= of2 271
oA ol AR} F53 COTE 7% 735 AH=
t}. o]} & G4 el4] SSB(Synchronization Signal
Block)2] %3} non-unicast 7304 A|o] A& =

Type 2A or 2B or 2C
gap

DL Uk —

cot

T2 10. Type 2 LBTE 58 COT sharing®] <iA]
Fig. 10. Example of COT sharing using Type 2 LBT.

978

dlo|ele] A4S E3sH= DB(Discovery Burst)2] %
F2 A9l 7R BREM A Algkel vt Type
2A LBTZE AR&3lo] COTS 53 4= g)rt

T WA AR A wRalel wE A And A4 e
B 7]g0] AMEA] o= A AME &
oick e Aol COTE= 23 1144 Role A3}
Zro] F7]1Aal COT ARFAE 7HxIch

gNB¢} UE &5 A AAE sk A4t 2
T oldd w4 Ad ALt el v A Ad A
A= gNBRte] A% e (frame) 2] A4 2
= 2] $18 AAE & 4 9tk CoTE ARl
ol 34 9 ps o] i AdEE AAsoRt AdE
ALk 4= 9k wEk F COT AR Ale] A7) o)
95% k& A 4 9lrh

UE+= gNB9| DL #%0] 5k COTolA] 3)=o]
ZH ) A o|-ollA Fx=glrka X|sHs 7%l
"k HARQ #1293l COT sharingS- A]%=3F 4= Qlrk
COT sharing2 13 113} 7o) Ad-& AREsh= A7t
ZHAo] 2t 16 sl A5 54 A HA e} falek
Hkalo 2 zlsfElc),

gk, 1 113 7o) v A A A4e] COT A
Zbdel| tigt $RES 7HAaL glem DL o]F COT
sharingS 53} UL AES 54 5 9lch

44—5
<0.95Tx
—4 o #—i DL H uL H
v

COT sharing

Idle> 9 ps COT starting position

5 A A A% e )

agl 11,
. 11. Example of semi-static channel access procedure.

2
Fig

2.3.2 Enhancements to Initial Access

Procedures

UET= A28 Aol] 5012 5 gNBee| 571315 9]
3 27] A< AaE Fefdith 2 AelAi= NR-UE
flal Z27] A Al FAE el il dold
o} & o A e® Hehd, AEA =15 DB i,
k=l SSB Aol el Ao

i) Discovery Burst

DB+ SSB<} SIB(System Information Block) 13}
Lo 233 AW E HE3)7] ¢4l Release 16914 &
1% Ardolck UEZF Alell dhat 52 7Fs o585}
u) AHgSRE SIBIo] SSBE] A% A7k} 71| &
3)S uf, SSB&} SIB1 & RFE Hgsls shte

N

2 o



=%/5G NR-Unlicensed®] &2 7% %% F43 71& #4

20 ms SSB burst F7| ,

DB window “ ]

DB window pd

5ms

2| 12. DB windows} 7%
Fig. 12. DB window and structure.

A AL 7Fss she Aol o af&Aolck SSB2k
SIB1-S- A<%3= PDSCHS} ©|2{3t PDSCHE A&
2)s= PDCCHY] %32 DBzl &t}

Release 162] CORESET#0-2 Release 1594 A&
A -] 74 el 2 A=) ks o4y
o4 CORESET#0-> 3} 30 kHz SCS2>Z 48712
RBS 7FAH A7 odedel|A] ol 271] OFDM AlE-&
AR 4= 9lck

UE® DB7} A$s= Ags A7k o + ok
T2 B2 SSBe} SIB12] A5-2 oll ik 4 9l time
window<! DB window& E3lict 17 12014 ¢}
Z+o] DB window+= AIZF dellA] | 5 ms7kA] ARS-
g 4 9k

©]2{& DB window & 53} A$=+= SSB+= NR
2] sub 7 GHz el o 87W71#] 20 msvlc} A5
= 4= 9lt) o] 87119] SSBE-S - ol Wk 7 X

A

_SSBO SSB7..
A I

\ /
N\ ssei sse6 )/
ssBs

o o

s82
Ut S~ ss83 ssBa U

20ms Beam Sweeping cycle

32 13. 20 ms W 2910l AHEH= 870°] SSB
Fig. 13. 8 SSBs in 20 ms Beam Sweeping.

parameter Q=4% O, QCL &4

Mol shp @il A A Al e 909
G702 o] Bolhe ¥ 919 (Beam Sweeping)
of] A=k 18] 13efl4A45 W 291932 g F7]ellA]
o= SSBE-2 QCL(Quasi-Colocation) A7} ¢l
ol ey ok 709 22 91|l oigt wlel] disiA
+= QCL ¥} qlckar 7= w SSB Q1 ~ghs- 53l
ol It 4 9lrk

ii) Enhancements for SSB Transmissions

gHH B|HE | -84 SSB= LBTS| Aldl|Z A
FER] Fhs 73971 HAE 5= 9)r). Release 169114
SSB Aol wigt Al=AdS =ol7] $l3l ol 2714
7NAde] o] Folx Lt

2 WA= DB A4S 918 Type 2A LBT2] AR<]
t} DB | Ao]E(duty cycle)o] 1/20 o3l &
2+ A7} w8t 1 ms ©]31Q] 73, UEE DB 717te] &
e e ubighly gl a2 ug Aapd 7
7¥Ae] t}E LBT 3ol vlsl] 22w 35 7FsAdol
2 Type 2A LBTS AME3lc} Type 2A LBTE %3
3] a3k SSB 4] AF 754
= = Slck

+ WA= DB windowel] SSB A4 ¥ 9| & &
2zt Aol 30 kHz SCSell4] ] 2071, 15 kHz SCS
o4l 2o 10742] F8. =7} A A5k 7] 14004
30 kHz SCS<] 2071 $-1. qlelxo] didh 9125 24l

& 5 gk oA A% T AT 4R AL

1

=

DB window (5ms)

Slot (0.5ms)

i1: Candidate SSB

a2 14. 30 kHz SCSel4] 2071¢] SSB F-x qldlx
Fig. 14. 20 SSB candidate index in 30kHz SCS.

parameter Q=5% I, QCL &4

! |

SSB SSB
index = 0 index = 1

SSB
index = 2

SSB

index = 3

SSB
index = 4

SSB
index = 5

SSB
index = 6

32l 15. SSBE Ak] QCL #A9] oA
Fig. 15. Example of QCL relations between SSBs.

979



The Journal of Korean Institute of Communications and Information Sciences "23-08 Vol.48 No.08

Release 15Xt} A% 73S ZHA7)7] 3tolch
DB window WelA] A&st A% elo]nl2 A=
4 912 SSBol| time shift7} 2-82 ), QCL ¥A15
% A317] $13}] PBCH(Physical Broadcast Channel)
DM-RS Al olgg ARgRIet o] ldx~ s &
A w7 Q(parameter Q)2 FrglS wf v |7}
FU8 SSBE 7loll QCL IS Z= Aoz st
= drk olul Q= AW Al(serving cell)oll thgh AlEl
AHRE Fa UBAIA L=iRich. 27 150014} 72e] 7+
SSBE Z DM-RS Al old A5 72| Q7 42 ]
AElo] 95wl ldl2 03} 49] SSB, <lE2 13} 59]
SSB7} QCL 3AIE Zh=rtar st 4= gk

2.3.3 HARQ Enhancements

HHE ] 8ell4] LBTS| Aol w2} HARQ
ACK/NACK A Alsf m3h oot 5= glr}. o]t
HARQ #F Aol tigk SHA3E 913} Release 16
A= vt 22 371419 Hie] =i el A ¥
#)+= Non-Numerical K1 Indication®& COT £8%
913k HARQ ACK/NACK A% 7=k tiu|slr] ¢
E3i=9ick F WAl S4E (Type 2) Dynamic
Codebook®} 4] 4| One-Shot (Type 3) Codebook-2
UE®] ACK/NACK AAE-5 24dsl] 9l =4i=%
o

i) Non-Numerical K1 Indication
HHE Y] 8- AgHE COTdl wet dhte]
COT W] & HARQ ZEA|~9| A4S nAlslx] o

NN: Non-Numerical

J2 16. NN-KI<& ©]-83F HARQ Ele]'d #]4]
Fig. 16. Indicating HARQ timing using non-numerical
K1.

=tk o]2i’k AEell4] HARQ A ~rehs diu] s}
PDSCH¢l| th&F ACK/NACK ABZ 2= elo]n)al
K1 =27} oFd laterghes 7He E=41519it}h UEE
later2l= K12 7121 PDSCH®] ACK/NACK”7} t}-2-
COTHIA A$d = SI=E a7 gk di7]A1ZIch

7 16914143 gNBE K12 A435lo] HARQ A
% 9% = AX)gk} o]u later#l= non-numerical K1
4 AH3ke 24 HARQ ACK/NACKE- th&- COTéll
A AF3IES A AL 4= 9tk UE =3k K19] Fhel
latere]! PDSCH2] HARQ ACK/NACK+= A<3}1#] 9
3 7147} o] % ch& PDSCHelA] AA3 K1o]
FAE UL/ 2AEE 9 o, di7jsl 7l
ACK/NACK 7+ 3 2453k}

ii) Enhanced (Type 2) Dynamic Codebook

7]%  Dynamic  Codebookell4]  A8-=|3w
DAI(Downlink Assignment Index):= 2 H]EZ A|gkel
712 s ) 4709 lolet R 5 gk
TEEE welele] AeE #gslr] $13] PDSCH

coT COoT
K14 K13 K1=2 K1=1 KT=NN K1E3 K12 K1=1
DAJ=0 DA|=1 DA|=2 DA|=3 DAJ=0 DAJ=1 DA|=2 DAI=3

PDSCHgrp=0 PDSCHgrp=0 PDSCHgrp=0 PDSCHgrp=0 PDSCHgrp=1

PDSCHgrp=1 PDSCHgrp=1 PDSCH grp=1

U

T O

O O
___________ - o NACK, |© <
______________________ . NACK,

I: PUCCH

NN: Non-Numerical

T2 17. PDSCH group2 ©]$-8F HARQ feedback
Fig. 17. HARQ feedback using multiple PDSCH groups.
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groupe|ghi= 7ide] =qi=sict 2o 2714 PDSCH
group= A 4= ¢l2w DAL= group & 27t A
Ak B2 UEw sl dlolel®] group 1812~ & DAIE
o 4= glc} o]4¥ gkAFE Dynamic Codebooks- 53}
o] PUCCH A% A PDSCH®| ¥ & ®5o thgh
HARQ ACK/NACK AHHE gulel] 253 5= 9lrk.

a3 179149} 22 AF8e 53l 4% Dynamic
CodebookS- 2218k 4= gt} UE+= 214+%]<l PDSCH
HgollA] dlofele] £A AE A|ds T2 4 fick
weba] A A7E Well dlefel7} BAekA] oberii &
AR gekshs 1S 4202 i) 23 17914 UE=
A Alzke] A= DAI 29} 39] dlo[e|7} 24157
ofgtowz A W CcoTe| =kx|2te]| 42418k PDSCH
group 0°] DAI 07} 1 &k ACK/NACK HHH
%3kl gNB& AMilo] Addt B dlofe]o] wigh
HARQ7} 27 ZA8A] @ighong B35 A W
F3lt} ofg- COTellA gNB& PDSCH group 13}
7 oA COTellA A$5=]9 group 0l gk HARQ
= @33t} UEE PDSCH group 02] DAI 2¢} 3 Hlo]
Ele] £AS Fedsty $HFEl Dynamic Codebook-<
E3}o] PDSCH group 03} 1 %5l th3k HARQ A1

2 A%k

iii) One-Shot (Type 3) Codebook

Type 22| Dynamic codebook-> A%E]+= do|e]<]
=7)0| we} W3pr} 7153t codebook &2 450l 4|
W A4 Al gk HAker) ok whe] RRC
Az 2 =72717F F9A] 32 HARQ ZZA|2(process)2]
<A 2 ACK/NACK H|EES°] v2]%+= One-Shot
Codebook-> H] 2] A5~ IA|RF 71cksiA| AJAde] 7}
oL G AR E 2=ttt

Type 1 codebook®] 74-9- FUgk A3l Z=mjo]
= 4 9li= PDSCH| F5. 9145l a4t HARQ
H|EEo] A=t} o]o Ukl Type 3 codebook->
RRC A3 & A% =5 HARQ Z&A|2e thsiA]
HARQ HIEES A5 4 9lrl ZE HARQ AHEE
gk #lell 41 5 gle 542 AlgE CoTE Ze

HlRE el {88k AR < slck

2.3.4 Configured Grant Enhancement

Release 16°4] UE”} CG(Configured Grant)-
PUSCH #}d-2- 243101 TB(Transport Block)<] 43
55 Fdske 7o) 38Hsiek o] CG-UL A%5
7F3sl] $13) iAdE Aok TBE] AAE A1¢<
$18l & 63 #°] CG-UCI(Uplink  Control

E 6. CG-UCI Zx9} n|E 4
Table 6. CG-UCI Field and Bitwidth

Field Bitwidth
HARQ process number 4
Redundancy Version 2
New Data Indicator 1
COT sharing information Variable

Information)e]] HARQ 3X2A4|2~2] ID(Identifier),
NDI(New Data Indicator), RVID(Redundancy Value
ID)E E3sto] AEgicl w3 UB= CWE 53t
A& 5538h= Cat 4 LBTE AH3}1] CG-UL A%
< 913 COTE & = 8irk ofw DL Ao] 283}
o} gNB+= UE9] A$o] ¥ ¥ COT sharings 5
3 Ad-& 53k} CG-UCIell= COT sharingell o
& Ar7} 3o COT sharingel] W&k A A5 =3}
-gﬂ_‘;]_'[lo]

CG7} 742 w gNBE UL Ao g
CG-DFI(Downlink Feedback Information)& £3}]
HARQ ¥ =ml-g A5 4= 9lc) DCI format 0_19]
DFI flag 3toll e} CG-DFIE As7] $laix AMgsl
c}.

TB2| AHAE 2|43} 7] TBE] vk A% w5k 7|
A13}7] $138l Release 16914 PUSCH repetition Type
B7} F71¥3le) ol tlele &3 w912 TR WM A1
Fol A Type Afte] EAISISIL) o} e
Type Belli= ahle] & ol A% shels w
Apo] eIk, o] COT7H AR wlalslojele] &
ol EEH o AR o gl

15] 189 o] UEE TBO| T35 A% 45 ek
= repK7} 18t} 2 ko7 AA= 7 ofz] /)2 active
configuration &2 TJ=o] gltiH, UEw= A48 &%
o] od 5U&t configuration W& 71 whE 14 %
SFHoll4] TBE] HhE A4S Falch UL A% Alolel]
DL AlEo] &A= o]F- UL AlEollA o]oix] vk
LS 3P, &3 AR A8 9] vk
A& 7 4 olrh K He| ukE Hpo] 2kxx]7]
% CG-DFIE &3l ACKE vehli= v|=ulo] 4l%]

i oolelgh v A5S FEIch

2.3.5 Wideband Operation

v L 7|2 o2 LBT7F a== o5
<l 20 MHz &1 2 8=AE W oFe] dHloly A%
< 918k 20 MHz o]%e] o] -8 w3k 7hssich
°]5 13l RB seto] =531=%1L el ol 4]2] BWPel|
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repK =5
Slot #1 Slot #2

TG
S S

rep #1 rep #2 rep #3  rep #4
CG-DFI
ACK =41

— v HE 3=

[DL]
[DL]
[DL]
[DL]
[ |

J% 18. CG-PUSCH #A}81& A8+ TB HHE 4
Fig. 18. TB Repetition in CG-PUSCH resource

A3k Aol A= e

i) RB Set Introduction

Release 1694] 3}-+2] 2F 20 MHz channel S 74
3= RB seto]2h= 7o) AlEA =si= et o218k
RB set<> PUSCH #}%] &) A%t} PUSCH=
34=219] RB set == QlE]Ho]| X~ = RB set o2 A
o= &= g} o] & 91<4# 3] RB setE5-2> RB set %t
intra-cell guard band& 7FX] %= RRCel| o8| F3}<~
Zpdo] A e)=Ie). qkeF intra-cell guard band”} 1A=
| eF=rhd wig] AR 7] 2F (default value)E<] &
4ok

3% 7914 intra-cell guard bandell T&k Fho] 2] A=
2] ks wf AE== 71EgkS #lst 4= ook =l
%] s3tiedo] obd 10 MHz9} 20 MHzolA] intra-cell
guard band= A-8=A] o=l & 7ol A=E A3t
Z¥o] 15 kHz SCSZE A== 40 MHz CBW<] 73-¢-
105 RBZ RB set 13} RB set 27} 7A%Itl. 5 RB
set Afololli= 670¢] RB7} guard bandg 7433} A
216712] RBE 40 MHz2] CBWE AR&3t <= glct 15
kHz®| SCSE A3 4= 9l= 2|t CBW= 50 MHz°]
BF 60 MHzS} 80 MHz= 3% Alale] glck 30 kHz
SCSZ FA =+ 40 MHz CBW =3F 5071¢] RBZ
RB st 1, RB set 27} A%52 F RB set Alo]el] 6712
RBE guard bandZ ARE-3hcl,

E 7.9 28-°] nominal intra-cell guard band
Table 7. Nominal intra-cell guard band in Wideband
operation.

SCs
(kHz) 40 MHz 60 MHz 80 MHz
105-6-105
15 (216) N/A N/A
30 50-6-50 50-6-50-6-50 50-6-50-5-50-6-50
(106) (162) (217)

982

ii) Bandwidth Larger than 20 MHz on DL/UL
BWP

DLell4] 20 MHzEE} 2 ool %] BWP(Bandwidth
Part)+== RB set®] 14l A3glo] subsetel] t&t LBT
3% A, gNB= DL Hlo[eje} AleE AH5d = 9lrk

o]¢} ] ULeI4] 20 MHz ¥} 2 o] Z2] BWP
= UL #$o] 2AE8 mi= CG Har Zxje]dl] 00]
ol intra-cell guard band”} #-8-%1 %= RB setel] dl
3lod LBT7} A-8-81S = UL dlole]e} Al5E 43t
T Slk

mnz e
=4 3GPP 5G NR-S Bt el A}
4 =5 %731 NR-Unlicensedell ol =}Al
8] EAskar Avsisict S, vt 223
ok 3E 712A9] 5G NRY] Release 15 1434
Hlash wf, vEs o] 543} A AR R4
| $18l 715 NRollA WA= AFA =339 4

e 5 53] =2 AlSel tisll A5 eR Ak
kst Ay 2 g7 ell4 NR-Unlicensed & AH3317]
2aiade AR A7F 2RSS B850 2 Al §)
g F7HAQl At d8% ZloR walrh

NR-Unlicensed & $]8l4]= & =oll4] 4% =
2] AlSS 2 49] Al%2l MAC, RLC, PDCP, RRC
A& B Hato] AAE L A EE whAe] EsiE el
cl319 gl 3GPP Release 162] B3| 5 GHz
2} 6 GHz WS 7l 2~ ER]o® 3h s Sl
of Bgo] smeisle] ofe] ASe] Aeleddr) ol F
Release 179415 A 22 B39 22 n263(57 ~
71 GHz) %313}¢] 71 GHz wel|x<] njds|d
NR -8l tigt %F3} o] Fo ek

F5 A7 F3te] vt -85 913 5G NR
o] 28] A qtAS] WEkel Release 17914 =81%]
R R S SRS R
g 5 s AR gt
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