US 20210410200A1

a2y Patent Application Publication o) Pub. No.: US 2021/0410200 A1

a9y United States

Cirik et al.

43) Pub. Date: Dec. 30, 2021

(54) LAYER RESETTING IN TWO-STEP
RANDOM-ACCESS PROCEDURES

(71) Applicant: Ofinno, LL.C, Reston, VA (US)

(72) Inventors: Ali Cagatay Cirik, Herndon, VA (US);
Esmael Hejazi Dinan, McLean, VA
(US); Hua Zhou, Herndon, VA (US);
Hyoungsuk Jeon, Centreville, VA (US);
Alireza Babaei, Fairfax, VA (US);
Kyungmin Park, Vienna, VA (US); Kai
Xu, Herndon, VA (US)

(73) Assignee: Ofinno, LL.C, Reston, VA (US)
(21) Appl. No.: 17/471,626

(22) Filed: Sep. 10, 2021

Related U.S. Application Data

(63) Continuation of application No. 17/388,692, filed on
Jul. 29, 2021, which is a continuation of application
No. 17/344,071, filed on Jun. 10, 2021, which is a
continuation of application No. PCT/US2020/
012177, filed on Jan. 3, 2020.

* PRACH resources
¢ Uplink (PUSCH) resources
(Uplink grants)

(@)

Uplink
resource-1
(Uplink grant-1)

(60) Provisional application No. 62/788,612, filed on Jan.

4, 2019.
Publication Classification
(51) Inmt. Cl
HO04W 74/08 (2006.01)
HO4W 72/12 (2006.01)
HO04W 74/00 (2006.01)
HO4W 72/14 (2006.01)
HO04W 74/02 (2006.01)
(52) US. CL
CPC ... HO04W 74/0841 (2013.01); HO4W 72/1263

(2013.01); HO4W 74/02 (2013.01); HO4W
72/14 (2013.01); HO4W 74/004 (2013.01)

(57) ABSTRACT

A wireless device receives one or more messages including
one or more configuration parameters of a cell. The one or
more configuration parameters indicate physical uplink
shared channel (PUSCH) resources for transmission of a
message A (MsgA) payload of a two-step random-access
procedure of the cell. A medium access control (MAC) layer
of'the wireless device is reset based on a request from a radio
resource control (RRC) layer of the wireless device. The
PUSCH resources are released based on the reset of the
MAC layer.

Second PUSCH
resource
(second uplink grant)

1
|k—overlap—):
1 1
Uplink Uplink
resource-2 resource-3

(Uplink grant-2) (Uplink grant-3)

Uplink
transmission

Initiate a
random-access procedure

T2 time

lgnore the second uplink grant




US 2021/0410200 A1

Dec. 30,2021 Sheet 1 of 36

Patent Application Publication

aoina( 1 "OId aoineQg
ssajaIM sSsajaIM
011 VoL
— . gNe-bu
]
arek X el on
(@) (@)
ux

NVH-ON Jgzel

ON T T SN
N
g—
09DG <« ao0gt VOElL
ddN/dINV ddN/dNV
Nucerens



US 2021/0410200 A1

Dec. 30,2021 Sheet 2 of 36

Patent Application Publication

FPEE T T LT TR 4 ¥ 3 ¥ X ¥ ¥

Wireless Device
110
SDAP

BOBGUBBOOGEOEEO®SSn

‘meoccsccsscscscsccssas’

User Plane Protocol Stack

Sasscccscssmecccsnca®

FIG. 2A

T AamE
130
NAS
251

Semmmennd

B V-
120

.

Wireless Device
110

PR AL LA L L L 2 XX %

Control Plane Protocol Stack

‘mescscassssssasacscsans

‘messscsccccccsnscacnans

FIG. 2B



US 2021/0410200 A1

Dec. 30,2021 Sheet 3 of 36

Patent Application Publication

g u
mco_uoz._amc_

d me

(s)10ss920.4d
I= |

g0cc
(s)eoeia1u|

_.I:o_ﬁmo_:zEEoo

aoct

Z uonelg aseg

g0€¢e

(s)10ss9920.d
= ]

;

(s)eoeLia1u|

_I.:o_“mo_:zEEoo

<
o

| uonelg eseg

voee

€ "Old
\ ]
91¢
SUOIIONJISU|
—
w m_m‘_M—__,m:mn_ m_l. Iw _omaﬂm:o._. w
: S i /Aeidsig
{ gIE Tie i TE
1 19sdiyg sdo ! (s) 10ss820.1d ' pedAay m
AR ¢ TIE i
92In0S — —i guoydoJoip
19MOd — i jloyeads i
(1] ¥ L DLt
(s)eoeuolu|
uolEBIIUNWWOo,
0rt

821A8( SS9JIIM




US 2021/0410200 A1

Dec. 30,2021 Sheet 4 of 36

Patent Application Publication

oY 'Ol
‘uahb Jaddew
: leubls | juowaje |- - Jaddew Buiquesds fefh
i [_ado0 m 90.nosay | ¢ m y uone|npop ;
suod ”m m ' 16umpoaaid] | Lw%_w.f_: m
euuduy m “uab t | seddew m : < Jaddew BUIGWELD m
[eubls jet=—] JUDWR[D |- uonenpo 4 S
nado 92IN0S9Y
ar oid gy ol
(+0eg)urs - (10Lr)urs —
<] Buuayy nds fe— <—| bBuuayi4 ndsg fe—
@ () (D)'s
(#°fT)s00 Tugﬁmm (#°fr)s00
[ ADE
Jaddew
‘uab
. @] WD | Japodsaud Jaddew
; |eubis + | ooumnosoy | 4 uioysuess [ = UOEINPOI Bunquiesog ;
spod m : i | Buipodaig ; L_H_M_M.._: ;
euualy v us o | Jeddew | & soposaud | |i soddew |l o o '
eubis ] JUSWID e wojsuel | uone|npop "4 S
99In0S?Y




Patent Application Publication  Dec. 30, 2021 Sheet S of 36 US 2021/0410200 A1

UL-SCH RACH
--(@ > ____________________ 502 ) ----- Uplink Transport
Channels
UCI
509
-.... ______ ..... Uplink Physical
Channels
PUSCH PUCCH PRACH

i E e € (EE

Downlink
Transport
Channels

Downlink Physical

Channels
PDSCH PDCCH PBCH
@ @@ @D oownin
PSS/SSS CSI-RS DM-RS PT-RS Physical Signals

FIG. 5B



US 2021/0410200 A1

Dec. 30,2021 Sheet 6 of 36

Patent Application Publication

9 "Old
509

s|joquAs ¢1 =10|S

61

8l

8 L 9 14 e A 8 0
m PN m
m awesqns 1€ S g »
> oy ¢

109



US 2021/0410200 A1

Dec. 30,2021 Sheet 7 of 36

Patent Application Publication

a/ "9lid
LL. oLL 60.L
> e > - > -
R A S
\ / N / \ /
N N \"4
80/, 0. 90.L
V. 'Old
GOLi< =07 > 0.
Kouanbai4
R R
H0Z 202’
<€ P>
00,



Patent Application Publication  Dec. 30, 2021 Sheet 8 of 36 US 2021/0410200 A1

803
/ p Time

806

/804
y

A
| / 805
'l

807
Z

FIG. 8




g6 "Old

. A...I% weaq xy
-~ P

oLt

US 2021/0410200 A1
/
\
*
*«™

’Al.ll , ‘AI% . e weaq X

@)

f oclt

()
z®)

Dec. 30,2021 Sheet 9 of 36

SSH-I1SI/$%19019 SS

Patent Application Publication



awil

0L "Old

US 2021/0410200 A1

Dec. 30,2021 Sheet 10 of 36

Patent Application Publication

0S0T
ldmd

0c01
ZH)SL/ZHINOL

¢dMd

’ '
s '
' '
' '
’ '
' ]
’ '
m ". ‘. l.‘ > ) l' L . 9‘ m‘m.wm". L
k. u".-ur.-squ:xl.-ux\-.ﬁ-hxu;-u-;u,ﬂ-\ \-4... x
%2 060F
= ZHM09

/ZHINOC

edm8 32

)

-rxx-.#trﬁ#{n,ﬁ{n.ﬂ{.,ﬁtx: o

oror
ZHS 1
[ZHINOY
dMmda

Aouanbaig




Patent Application Publication

Dec. 30,2021 Sheet 11 of 36

US 2021/0410200 A1

MCG Split SCG
Bearer Bearer Bearer
i ] i
@R’ ¥ \ 2
SDAP
1110
| |
NR PDCP NR PDCP NR PDCP
11 112 113
MNRLC MNRLC SNRLC SNRLC
1114 115 1116 117
MN MAC SN MAC
1118 1119
Wireless Device
q 110 J
FIG. 11A
MCG SCG Split Split MCG SCG
Bearer Bearer Bearer Bearer Bearer Bearer
| | | | | |
[ ¥ v ¥ ) (. v v v )
SDAP SDAP
1120 1140
NR PDCP }| NR PDCP NR PDCP NR PDCP NR PDCP || NR PDCP
121 1122 1123 141 1142 1143
L \ PN ]
N T\ Fq\Y
1T\
]

MN RLC || MN RLC || MNRLC | I MNRLC SNRLC JI SNRLC || SNRLC || SNRLC
1124 1125 1126 || 1127 1144 1} 1145 1146 1147
MN MAC SN MAC
1128 1148
MN SN
L 1130 1150 y

J
FIG. 11B



Patent Application Publication  Dec. 30, 2021 Sheet 12 of 36  US 2021/0410200 A1

Wireless Base
Device Station
110 120

RACH Configuration
1210

-\

Msg 1

1220

Msg 2

1230

Msg 3

1240

Contention Resolution

1250

FIG. 12




US 2021/0410200 A1

Dec. 30,2021 Sheet 13 of 36

Patent Application Publication

si1ofe) saddn

€1 'Old
(71 0ccl
998§ J0 194e| JamoT] 99 Jo 19he| JomoT]
093§ J0 00Si0 93Sj0 9IS OO0 jo OO jo OOWjo 90N 90N
HOVY HOS-1N HJOS-1Q JOHO4 HOWVY HOS- 1N HOS-1d 3JOHO8 JOHJd
y9¢1L £9¢1 ¥eEl €eel
-| 103u09 ssa20y | - L Jjo1u0) ssaooy| ...
wopuey 1 OdVH wopue ' OYVH
e —— ——
goer || 79l seer | el
|o13u0) Buixajdninyy (-eq) |013u09) Buixedniny (-oq)
1 | 1 1 ]
(X3} 15¢1
(Kuo 1n) (Ao 1n)
B uoljezyLioud [puuey? [esibo — uoneziLoLd |duueyy [edibo
09¢€1 06¢}
T T _ T T
1043Uu02-JVIN HO1d HJ2d HJJ4d] | 1043u0d-QvIN HOLla HOOd HOJD HO08 HOOd
0cEl oIl

s19he| Jaddp




US 2021/0410200 A1

Dec. 30,2021 Sheet 14 of 36

Patent Application Publication

PRI T AL RIS RS R RS R A R A AL R 2 L X 2 2 2 3 '

Veovssesssccssesnsscosnsd

aocrrl DOSPT
Nna-aNb na-anb
b4 == <+ 14
g0ehT
Nno-anNb
ao0ert
anNb

v "Old

ON -

ux

oIVl
NVd-ON

=[5 41 VOSTT
na-anb na-anb
Id == <+ 14

anb

ON -

cossceossesscsssssssosscaa”

S nccccencncnnrrnsennrrssecnnasssnaenRaneReeSEn®

oSt
ddN/dINV




US 2021/0410200 A1

Dec. 30,2021 Sheet 15 of 36

Patent Application Publication

\

uoijeAlloeu|

nIIIIIIIIIIIINMWMWHHWMH’!

\. J

//owmr
aseajay uoj1o8uU0)

0961
asea|ay
uoI}02UL0)

GL "OId
Juswiysijgels3 uojoauuo)
0SS
o
08S1
awnsay
\ 1/ uoioauu0) \ 1/
0es1 0csl
G3LO03INNOD JHd > JAILOVNI OdYd
04S1

-

\.

oGl
371d1 04Hd

~

J




Patent Application Publication  Dec. 30, 2021 Sheet 16 of 36  US 2021/0410200 A1

Wireless Base
Device Station
110 120

Two step RACH Configuration

/Two step Msg 1
Preamble

——

One or more transport blocks

Two step Msg 2

FIG. 16

Jb 3L




US 2021/0410200 A1

Dec. 30,2021 Sheet 17 of 36

Patent Application Publication

OLL "OId
19s)j08W}
awn m :
S Y :
esyo  |i | HOwud
Asuenbaig |
$82.n0sal
olpes

Aouanbalig

a1 "Old VL 'Old
ewn awn
195150 HOVHd $324Nn0Ssal HOVHd
Aouanbaig olpel-n
- L ‘ ' 9
$92IN0Sdl ' '
Aduanbalig Aduanbaig




US 2021/0410200 A1

Dec. 30,2021 Sheet 18 of 36

Patent Application Publication

1O

1190

081 "Old
didvd 1113
l l ] | i | |
1 1 1 J ! l !
g8l "Old
19 d1d]1]3

v8lL ‘Did
(1do) (dvd pue gidvd) | (Aluo aidvy) (Ajuo |g)
u ns ns
Buippeq | NAdINS OV v NAdANS OVINT "o hqqans oy | z nadans ovi | 1 nadans ovi
ss ”"n . L
Py --oo "- '
sss -. oo- "- “
i § m
Jopeayqns Jjapeayqns Japeayqns
HVHOVIN | o avaia adva/La | | 1ammia




US 2021/0410200 A1

Dec. 30,2021 Sheet 19 of 36

Patent Application Publication

6L "OId
ainpadsoid ss829e Wopuel 934} UOIJUBIUOYD ainpadsoid ss999e Wopues paseq uoijuaUo0)
UOIIN|0SaY UojudU0Y)
1491
Z Bsiy
141 ¢ Bsin
191
| BSIy Z bsin
|
oclh OLL
uonels 901A8( L Bsiy
aseg sSajalIM 197
|
oclL OoLlL
uonels a01n9Q
aseg sSajalIM



Patent Application Publication  Dec. 30, 2021 Sheet 20 of 36  US 2021/0410200 A1

Wireless Base
Device Station
110 120
LBT

/Two step Msg 1
\Q\&'ﬂble»

One or more transport blocks

LBT

Two step Msg 2

FIG. 20




Patent Application Publication  Dec. 30, 2021 Sheet 21 of 36  US 2021/0410200 A1

Frequency
UL radio
resources
f2 }eccccccccccccaccccccaaaa... A
+ | Frequency offset
PRACH '
- S
i >; |
timeoffset time

FIG. 21



Patent Application Publication  Dec. 30, 2021 Sheet 22 of 36  US 2021/0410200 A1

Frequency
LBT UL radio
resources
f2 }ecccccccccccccccccacaaaas
i | Frequency offset
LBT PRACH '
o p—
i :

time

timeoffset

FIG. 22



Patent Application Publication  Dec. 30, 2021 Sheet 23 of 36  US 2021/0410200 A1

Frequency
:-------:- .................. E UL radio
) ] [}
: LBT ¢ PRACH : LBT resources
Channel | i ; :
1 leccccleccccncccnccancaaad
Channel R ':
LBT PRACH ! ' ‘ '
2 ' LBT | UL radio ;
! ; resources '
] [ ] [}
time
FIG. 23A
Frequency
LBT UL radio
Channel resources
1
Channel :"""'i' ----------------- :
2 H H . !
LBT PRACH ' LBT | UL radio '
H ' resources :
[ ] ] [}
time

FIG. 23B



US 2021/0410200 A1

Dec. 30,2021 Sheet 24 of 36

Patent Application Publication

v¢ "Old

$924n0sal Yuljdn ay} 1ea|n e
$921N0SaJ HOVHd 9yl pieasiq e

ainpaso.d ssadoe-wopue.

dals-om] e ajellu|

. MOP U e,
[ I
i I
ouwll] ] ) ! €1 1 by oy
| A | A
asuodsay :o_m_mp“”_:n_mhwb a|queaid
sadinosai yuijdn e
$92IN0Sal HOVHd
v

@)



US 2021/0410200 A1

Dec. 30,2021 Sheet 25 of 36

Patent Application Publication

(€ uesb yuydn)
€ 931N0Ss9l

Auidn

€

G¢ "Old

(2 uesb yuydn)
Z 92.1n0sal

Auidn

€ 924nosal
HOVdd

€

(1 uesb yuydn)
| 8241n0Sal

Auidn

€

Z 924n0sal
HOV4dd

| 924nosal
HOV4dd




Patent Application Publication  Dec. 30, 2021 Sheet 26 of 36  US 2021/0410200 A1

¢

Receiving configuration parameters (e.g., PRACH resources, Uplink
Resources, mappings) for a (contention-free) two-step random-
access procedure

Initiate the (contention-free) two-step random-access procedure

e Transmit a preamble via a PRACH occasion

e Transmit a transport block via an uplink resource mapped to
the preamble/PRACH occasion

Keep the PRACH and
Uplink resources

A

(Contention-free) two-step
random-access procedure
completed?

Yes

Yy

e Discard the PRACH resources
¢ Clear the Uplink resources

FIG. 26



US 2021/0410200 A1

Dec. 30,2021 Sheet 27 of 36

Patent Application Publication

L¢ "Old

s904nosaJ yulydn ay} Jes|)
$901N0SaJ HIOVHd @Yl pJeosiqg

sui} H 0y PV
» h_w % JOMOT
1sanbal
19s3al QYN
_ 19Ae|
“ seddn

saoinosal yuldn o
$924N0Sal HOVHd




Patent Application Publication  Dec. 30, 2021 Sheet 28 of 36  US 2021/0410200 A1

!

Receiving configuration parameters (e.g., PRACH resources, Uplink
Resources, mappings) for a (contention-free) two-step random-
access procedure

Keep the PRACH and
Uplink resources

A

A reset of the MAC entity
requested
from upper layers?

Yes

Y

e Discard the PRACH resources
e Clear the Uplink resources

FIG. 28



US 2021/0410200 A1

Dec. 30,2021 Sheet 29 of 36

Patent Application Publication

6¢ "Old

dM9g 9yl uo sadinosal juljdn papuadsns ay) azijeniuiay
dM9g 9Y] 91eAlldY e

dMg @yl uo saainosal juijdn ayj puadsng
dMg 9yl aleAnjoeaq e

F.._- c.._..

owl) -

dMd 9yl 10} seounosal yuldn e
(dmg) Med yipimpueq e 10} S82IN0Sd1 HOVHd *

(@)



US 2021/0410200 A1

Dec. 30,2021 Sheet 30 of 36

Patent Application Publication

0€ "OId

1uelb yuiidn puodsas ayy atoubj

awy

°1

ainpasoad sseooe-wopuel

e alejiu|

'L

01

(g-uetb yuidn)
£-901N0Sa.l

Nuldn

uoissiwsuel}
yundn

h 4

(z-1ueab yuidn)
Z2-921no0sal

yuidn

| _
l¢—depieno—y
[

(1ueub yuidn puodas)
92.n0sal

HOSNd PU099S

(1-uesb yuidn)
|-824nosal
undn

(sueab yundn)

$924n0sal (HOSNd) quidn o
$924n0sal HOVHd

(@)



US 2021/0410200 A1

Dec. 30,2021 Sheet 31 of 36

Patent Application Publication

L€ "Old

Z-ueub yuydn 8yl aioubj

awn

°L

ainpaooad ssadoe-wopuel

e aleniu|

gl

01

(g-uetb yuidn)
£-901N0Sa.l

Nuldn

uoissiwsues) yuiidn

2-9241nosal
yuidn

(z-1ueab yuidn)

“Tam:goly
1

4

(1ueub yuidn puodas)
92.n0sal

HOSNd PU099S

(1-uesb yudn)
|-824nosal
yundn

(swueab yundn)

s$92inosal (HOsSNd) quidn o
$92.4n0sal HOVHd

(@)



Patent Application Publication  Dec. 30, 2021 Sheet 32 of 36  US 2021/0410200 A1

:

Receiving configuration parameters (e.g., PRACH resources, Uplink
Resources/Uplink grants) for a two-step random-access procedure

'

Initiate a two-step random-access procedure

e Select a preamble/PRACH occasion from the PRACH resources.

e Select an uplink grant, indicating an uplink resource to transmit
a transport block, from the Uplink grants.

The uplink grant overlaps with a second
uplink grant (e.g., dynamic/configured/RAR
uplink grant)?

Yes

Y

Transmit the transport block
via the uplink resource.

y

e Ignore the second uplink grant
¢ Transmit the transport block via
the uplink resource

FIG. 32
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:

Receiving configuration parameters (e.g., PRACH resources, Uplink
Resources/Uplink grants) for a two-step random-access procedure

'

Initiate a two-step random-access procedure

e Select a preamble/PRACH occasion from the PRACH resources.

e Select an uplink grant, indicating an uplink resource to transmit
a transport block, from the Uplink grants.

The uplink grant overlaps with a second
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Yes

Y

Transmit the transport block
via the uplink resource.

y

¢ Ignore the uplink grant
e Transmit a second transport block
scheduled by the second uplink grant

FIG. 33



US 2021/0410200 A1

Dec. 30,2021 Sheet 34 of 36

Patent Application Publication

vE€ "Old
ainpasoud =
ssaooe-wopuel dois-g -
Jueib N 8y} atoubj e ajelu| =
- H 2y ,_‘ y oy
elb N painbyuon e
$824n0sal HOSNd *
uoissiwsue) yosp -abessaw JHH
vOsIy 10} vbBspy 10} vOBsi 10}
£-921N0SaYy Z2-921N0SaYy |-82.1n0say
HOSNd HOSNd HOSNd
depono | é—|
e it ettt ittt tetete ittt ittt ittt
: ueb 1uelb wesb EEmmx::g: m
: n n n PaInbyuoo i
' jo’dpunqy

©



Patent Application Publication  Dec. 30, 2021 Sheet 35 of 36  US 2021/0410200 A1

Receive a bundle of a configured uplink grant of a cell
3510

y

Does a PUSCH duration of an uplink grant of the bundle of the
configured uplink grant overlap with a transmission of a MsgA
payload of a two-step random-access procedure of the cell?
3520

YES

y

Ignore the uplink grant by not transmitting via a 2™
PUSCH resource of the uplink grant
3530

FIG. 35



Patent Application Publication  Dec. 30, 2021 Sheet 36 of 36  US 2021/0410200 A1

Receive configuration parameter(s) of a cell, wherein
the configuration parameter(s) indicate PUSCH
resources for transmission of a MsgA payload of a
two-step random-access procedure of the cell
3610

y

Transmit, via a first PUSCH resource of the PUSCH resources,
the MsgA payload for the two-step random-access procedure
3620

y
< Is the two-step random-access procedure completed? >

3630

YES

Yy

Release the PUSCH resources
3640

FIG. 36



US 2021/0410200 A1

LAYER RESETTING IN TWO-STEP
RANDOM-ACCESS PROCEDURES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 17/388,692, filed Jul. 29, 2021, which
is a continuation of U.S. patent application Ser. No. 17/344,
071, filed Jun. 10, 2021, which is a continuation of Inter-
national Appl. No. PCT/US2020/012177, filed Jan. 3, 2020,
which claims the benefit of U.S. Provisional Appl. No.
62/788,612, filed Jan. 4, 2019, the contents of each of which
are hereby incorporated by reference in their entireties.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0002] Examples of several of the various embodiments of
the present disclosure are described herein with reference to
the drawings.

[0003] FIG. 1 is a diagram of an example RAN architec-
ture as per an aspect of an embodiment of the present
disclosure.

[0004] FIG. 2A is a diagram of an example user plane
protocol stack as per an aspect of an embodiment of the
present disclosure.

[0005] FIG. 2B is a diagram of an example control plane
protocol stack as per an aspect of an embodiment of the
present disclosure.

[0006] FIG. 3 is a diagram of an example wireless device
and two base stations as per an aspect of an embodiment of
the present disclosure.

[0007] FIG. 4A, FIG. 4B, FIG. 4C and FIG. 4D are
example diagrams for uplink and downlink signal transmis-
sion as per an aspect of an embodiment of the present
disclosure.

[0008] FIG. 5A is a diagram of an example uplink channel
mapping and example uplink physical signals as per an
aspect of an embodiment of the present disclosure.

[0009] FIG. 5B is a diagram of an example downlink
channel mapping and example downlink physical signals as
per an aspect of an embodiment of the present disclosure.
[0010] FIG. 6 is a diagram depicting an example trans-
mission time or reception time for a carrier as per an aspect
of an embodiment of the present disclosure.

[0011] FIG. 7A and FIG. 7B are diagrams depicting
example sets of OFDM subcarriers as per an aspect of an
embodiment of the present disclosure.

[0012] FIG. 8 is a diagram depicting example OFDM
radio resources as per an aspect of an embodiment of the
present disclosure.

[0013] FIG.9A is a diagram depicting an example CSI-RS
and/or SS block transmission in a multi-beam system.
[0014] FIG. 9B is a diagram depicting an example down-
link beam management procedure as per an aspect of an
embodiment of the present disclosure.

[0015] FIG. 10 is an example diagram of configured
bandwidth parts (BWPs) as per an aspect of an embodiment
of the present disclosure.

[0016] FIG.11A and FIG. 11B are diagrams of an example
multi connectivity as per an aspect of an embodiment of the
present disclosure.

Dec. 30, 2021

[0017] FIG. 12 is a diagram of an example random access
procedure as per an aspect of an embodiment of the present
disclosure.

[0018] FIG. 13 is a structure of example MAC entities as
per an aspect of an embodiment of the present disclosure.
[0019] FIG. 14 is a diagram of an example RAN archi-
tecture as per an aspect of an embodiment of the present
disclosure.

[0020] FIG. 15 is a diagram of example RRC states as per
an aspect of an embodiment of the present disclosure.
[0021] FIG. 16 is an example of a two-step RA procedure
as per an aspect of an embodiment of the present disclosure.
[0022] FIG. 17A, FIG. 17B, and FIG. 17C are examples of
radio resource allocations of a PRACH resource and one or
more associated UL radio resources as per an aspect of an
embodiment of the present disclosure.

[0023] FIG. 18A, FIG. 18B, and FIG. 18C are respectively
examples of an RAR, a MAC subheader with backoff
indicator, and a MAC subheader with RAPID as per an
aspect of an embodiment of the present disclosure.

[0024] FIG. 19 is an example diagram of contention based
and contention-free random access procedures with LBT as
per an aspect of an embodiment of the present disclosure.
[0025] FIG. 20 is an example diagram of a two-step RA
procedure with LBT as per an aspect of an embodiment of
the present disclosure.

[0026] FIG. 21 is an example of radio resource allocation
for a two-step RA procedure as per an aspect of an embodi-
ment of the present disclosure.

[0027] FIG. 22 is an example of one or more LBTs
performed for a two-step RA procedure as per an aspect of
an embodiment of the present disclosure.

[0028] FIG. 23A and FIG. 23B are examples of one or
more LBTs performed for a two-step RA procedure in an
unlicensed band as per an aspect of an embodiment of the
present disclosure.

[0029] FIG. 24 is an example of a random-access proce-
dure as per an aspect of an embodiment of the present
disclosure.

[0030] FIG. 25 is an example of association/mapping in a
two-step random-access procedure as per an aspect of an
embodiment of the present disclosure.

[0031] FIG. 26 is an example flowchart of a random-
access procedure as per an aspect of an embodiment of the
present disclosure.

[0032] FIG. 27 is an example of a random-access proce-
dure as per an aspect of an embodiment of the present
disclosure.

[0033] FIG. 28 is an example flowchart of a random-
access procedure as per an aspect of an embodiment of the
present disclosure.

[0034] FIG. 29 is an example of a random-access proce-
dure as per an aspect of an embodiment of the present
disclosure.

[0035] FIG. 30 is an example of a random-access proce-
dure as per an aspect of an embodiment of the present
disclosure.

[0036] FIG. 31 is an example of a random-access proce-
dure as per an aspect of an embodiment of the present
disclosure.

[0037] FIG. 32 is an example flowchart of a random-
access procedure as per an aspect of an embodiment of the
present disclosure.
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[0038] FIG. 33 is an example flowchart of a random-
access procedure as per an aspect of an embodiment of the
present disclosure.

[0039] FIG. 34 is an example of a random-access proce-
dure as per an aspect of an embodiment of the present
disclosure.

[0040] FIG. 35 is an example flowchart of a random-
access procedure as per an aspect of an embodiment of the
present disclosure.

[0041] FIG. 36 is an example flowchart of a random-
access procedure as per an aspect of an embodiment of the
present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0042] Example embodiments of the present disclosure
enable operation of random-access procedure. Embodiments
of the technology disclosed herein may be employed in the
technical field of multicarrier communication systems. More
particularly, the embodiments of the technology disclosed
herein may relate to random-access procedure in a multi-
carrier communication system.
[0043] The following Acronyms are used throughout the
present disclosure:
[0044] 3GPP 3rd Generation Partnership Project
[0045] 5GC 5G Core Network
[0046] ACK Acknowledgement
[0047] AMEF Access and Mobility Management Func-
tion
[0048] ARQ Automatic Repeat Request
[0049] AS Access Stratum
[0050] ASIC Application-Specific Integrated Circuit
[0051] BA Bandwidth Adaptation
[0052] BCCH Broadcast Control Channel
[0053] BCH Broadcast Channel
[0054] BPSK Binary Phase Shift Keying
[0055] BWP Bandwidth Part
[0056] CA Carrier Aggregation
[0057] CC Component Carrier
[0058] CCCH Common Control CHannel
[0059] CDMA Code Division Multiple Access
[0060] CN Core Network
[0061] CP Cyclic Prefix
[0062] CP-OFDM Cyclic Prefix-Orthogonal Frequency
Division Multiplex
[0063] C-RNTI Cell-Radio Network Temporary Identi-
fier
[0064] CS Configured Scheduling
[0065] CSI Channel State Information
[0066] CSI-RS Channel State Information-Reference
Signal
[0067] CQI Channel Quality Indicator
[0068] CSS Common Search Space
[0069] CU Central Unit
[0070] DC Dual Connectivity
[0071] DCCH Dedicated Control Channel
[0072] DCI Downlink Control Information
[0073] DL Downlink
[0074] DL-SCH Downlink Shared CHannel
[0075] DM-RS DeModulation Reference Signal
[0076] DRB Data Radio Bearer
[0077] DRX Discontinuous Reception
[0078] DTCH Dedicated Traffic Channel
[0079] DU Distributed Unit
[0080] EPC Evolved Packet Core
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[0081] E-UTRA Evolved UMTS Terrestrial Radio
Access

[0082] E-UTRAN Evolved-Universal Terrestrial Radio
Access Network

[0083] FDD Frequency Division Duplex

[0084] FPGA Field Programmable Gate Arrays

[0085] F1-C F1-Control plane

[0086] F1-U F1-User plane

[0087] gNB next generation Node B

[0088] HARQ Hybrid Automatic Repeat reQuest

[0089] HDL Hardware Description Languages

[0090] IE Information Element

[0091] IP Internet Protocol

[0092] LCID Logical Channel Identifier

[0093] LTE Long Term Evolution

[0094] MAC Media Access Control

[0095] MCG Master Cell Group

[0096] MCS Modulation and Coding Scheme

[0097] MeNB Master evolved Node B

[0098] MIB Master Information Block

[0099] MME Mobility Management Entity

[0100] MN Master Node

[0101] NACK Negative Acknowledgement

[0102] NAS Non-Access Stratum

[0103] NG CP Next Generation Control Plane

[0104] NGC Next Generation Core

[0105] NG-C NG-Control plane

[0106] ng-eNB next generation evolved Node B

[0107] NG-U NG-User plane

[0108] NR New Radio

[0109] NR MAC New Radio MAC

[0110] NR PDCP New Radio PDCP

[0111] NR PHY New Radio PHYsical

[0112] NR RLC New Radio RLC

[0113] NR RRC New Radio RRC

[0114] NSSAI Network Slice Selection Assistance
Information

[0115] O&M Operation and Maintenance

[0116] OFDM orthogonal Frequency Division Multi-
plexing

[0117] PBCH Physical Broadcast CHannel

[0118] PCC Primary Component Carrier

[0119] PCCH Paging Control CHannel

[0120] PCell Primary Cell

[0121] PCH Paging CHannel

[0122] PDCCH Physical Downlink Control CHannel

[0123] PDCP Packet Data Convergence Protocol

[0124] PDSCH Physical Downlink Shared CHannel

[0125] PDU Protocol Data Unit

[0126] PHICH Physical HARQ Indicator CHannel

[0127] PHY PHYsical

[0128] PLMN Public Land Mobile Network

[0129] PMI Precoding Matrix Indicator

[0130] PRACH Physical Random Access CHannel

[0131] PRB Physical Resource Block

[0132] PSCell Primary Secondary Cell

[0133] PSS Primary Synchronization Signal

[0134] pTAG primary Timing Advance Group

[0135] PT-RS Phase Tracking Reference Signal

[0136] PUCCH Physical Uplink Control CHannel

[0137] PUSCH Physical Uplink Shared CHannel

[0138] QAM Quadrature Amplitude Modulation

[0139] QFI Quality of Service Indicator

[0140] QoS Quality of Service
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[0141] QPSK Quadrature Phase Shift Keying

[0142] RA Random Access

[0143] RACH Random Access CHannel

[0144] RAN Radio Access Network

[0145] RAT Radio Access Technology

[0146] RA-RNTIRandom Access-Radio Network Tem-

porary Identifier

[0147] RB Resource Blocks

[0148] RBG Resource Block Groups

[0149] RI Rank indicator

[0150] RLC Radio Link Control

[0151] RRC Radio Resource Control

[0152] RS Reference Signal

[0153] RSRP Reference Signal Received Power
[0154] SCC Secondary Component Carrier
[0155] SCell Secondary Cell

[0156] SCG Secondary Cell Group

[0157] SC-FDMA Single Carrier-Frequency Division

Multiple Access

[0158] SDAP Service Data Adaptation Protocol
[0159] SDU Service Data Unit

[0160] SeNB Secondary evolved Node B
[0161] SFN System Frame Number

[0162] S-GW Serving GateWay

[0163] SI System Information

[0164] SIB System Information Block

[0165] SMF Session Management Function
[0166] SN Secondary Node

[0167] SpCell Special Cell

[0168] SRB Signaling Radio Bearer

[0169] SRS Sounding Reference Signal

[0170] SS Synchronization Signal

[0171] SSS Secondary Synchronization Signal
[0172] sTAG secondary Timing Advance Group
[0173] TA Timing Advance

[0174] TAG Timing Advance Group

[0175] TAI Tracking Area Identifier

[0176] TAT Time Alignment Timer

[0177] TB Transport Block

[0178] TC-RNTI Temporary Cell-Radio Network Tem-

porary Identifier

[0179] TDD Time Division Duplex
[0180] TDMA Time Division Multiple Access
[0181] TTI Transmission Time Interval
[0182] UCI Uplink Control Information
[0183] UE User Equipment
[0184] UL Uplink
[0185] UL-SCH Uplink Shared CHannel
[0186] UPF User Plane Function
[0187] UPGW User Plane Gateway
[0188] VHDL VHSIC Hardware Description Language
[0189] Xn-C Xn-Control plane
[0190] Xn-U Xn-User plane
[0191] Example embodiments of the disclosure may be

implemented using various physical layer modulation and
transmission mechanisms. Example transmission mecha-
nisms may include, but are not limited to: Code Division
Multiple Access (CDMA), Orthogonal Frequency Division
Multiple Access (OFDMA), Time Division Multiple Access
(TDMA), Wavelet technologies, and/or the like. Hybrid
transmission mechanisms such as TDMA/CDMA, and
OFDM/CDMA may also be employed. Various modulation
schemes may be applied for signal transmission in the
physical layer. Examples of modulation schemes include,
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but are not limited to: phase, amplitude, code, a combination
of these, and/or the like. An example radio transmission
method may implement Quadrature Amplitude Modulation
(QAM) using Binary Phase Shift Keying (BPSK), Quadra-
ture Phase Shift Keying (QPSK), 16-QAM, 64-QAM, 256-
QAM, 1024-QAM, and/or the like. Physical radio transmis-
sion may be enhanced by dynamically or semi-dynamically
changing the modulation and coding scheme depending on
transmission requirements and radio conditions.

[0192] FIG. 1 is an example Radio Access Network
(RAN) architecture as per an aspect of an embodiment of the
present disclosure. As illustrated in this example, a RAN
node may be a next generation Node B (gNB) (e.g. 120A,
120B) providing New Radio (NR) user plane and control
plane protocol terminations towards a first wireless device
(e.g. 110A). In an example, a RAN node may be a next
generation evolved Node B (ng-eNB) (e.g. 120C, 120D),
providing Evolved UMTS Terrestrial Radio Access
(E-UTRA) user plane and control plane protocol termina-
tions towards a second wireless device (e.g. 110B). The first
wireless device may communicate with a gNB over a Uu
interface. The second wireless device may communicate
with a ng-eNB over a Uu interface.

[0193] A gNB or an ng-eNB may host functions such as
radio resource management and scheduling, IP header com-
pression, encryption and integrity protection of data, selec-
tion of Access and Mobility Management Function (AMF)
at User Equipment (UE) attachment, routing of user plane
and control plane data, connection setup and release, sched-
uling and transmission of paging messages (originated from
the AMF), scheduling and transmission of system broadcast
information (originated from the AMF or Operation and
Maintenance (O&M)), measurement and measurement
reporting configuration, transport level packet marking in
the uplink, session management, support of network slicing,
Quality of Service (QoS) flow management and mapping to
data radio bearers, support of UEs in RRC_INACTIVE
state, distribution function for Non-Access Stratum (NAS)
messages, RAN sharing, dual connectivity or tight inter-
working between NR and E-UTRA.

[0194] In an example, one or more gNBs and/or one or
more ng-eNBs may be interconnected with each other by
means of Xn interface. A gNB or an ng-eNB may be
connected by means of NG interfaces to 5G Core Network
(5GC). In an example, 5SGC may comprise one or more
AMEF/User Plan Function (UPF) functions (e.g. 130A or
130B). A gNB or an ng-eNB may be connected to a UPF by
means of an NG-User plane (NG-U) interface. The NG-U
interface may provide delivery (e.g. non-guaranteed deliv-
ery) of user plane Protocol Data Units (PDUs) between a
RAN node and the UPF. A gNB or an ng-eNB may be
connected to an AMF by means of an NG-Control plane
(NG-C) interface. The NG-C interface may provide func-
tions such as NG interface management, UE context man-
agement, UE mobility management, transport of NAS mes-
sages, paging, PDU session management, configuration
transfer or warning message transmission.

[0195] In an example, a UPF may host functions such as
anchor point for intra-/inter-Radio Access Technology
(RAT) mobility (when applicable), external PDU session
point of interconnect to data network, packet routing and
forwarding, packet inspection and user plane part of policy
rule enforcement, traffic usage reporting, uplink classifier to
support routing traffic flows to a data network, branching
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point to support multi-homed PDU session, QoS handling
for user plane, e.g. packet filtering, gating, Uplink (UL)/
Downlink (DL) rate enforcement, uplink traffic verification
(e.g. Service Data Flow (SDF) to QoS flow mapping),
downlink packet buffering and/or downlink data notification
triggering.

[0196] Inan example, an AMF may host functions such as
NAS signaling termination, NAS signaling security, Access
Stratum (AS) security control, inter Core Network (CN)
node signaling for mobility between 3"¢ Generation Partner-
ship Project (3GPP) access networks, idle mode UE reach-
ability (e.g., control and execution of paging retransmis-
sion), registration area management, support of intra-system
and inter-system mobility, access authentication, access
authorization including check of roaming rights, mobility
management control (subscription and policies), support of
network slicing and/or Session Management Function
(SMF) selection.

[0197] FIG. 2A is an example user plane protocol stack,
where Service Data Adaptation Protocol (SDAP) (e.g. 211
and 221), Packet Data Convergence Protocol (PDCP) (e.g.
212 and 222), Radio Link Control (RLC) (e.g. 213 and 223)
and Media Access Control (MAC) (e.g. 214 and 224)
sublayers and Physical (PHY) (e.g. 215 and 225) layer may
be terminated in wireless device (e.g. 110) and gNB (e.g.
120) on the network side. In an example, a PHY layer
provides transport services to higher layers (e.g. MAC,
RRC, etc). In an example, services and functions of a MAC
sublayer may comprise mapping between logical channels
and transport channels, multiplexing/demultiplexing of
MAC Service Data Units (SDUs) belonging to one or
different logical channels into/from Transport Blocks (TBs)
delivered to/from the PHY layer, scheduling information
reporting, error correction through Hybrid Automatic Repeat
request (HARQ) (e.g. one HARQ entity per carrier in case
of Carrier Aggregation (CA)), priority handling between
UEs by means of dynamic scheduling, priority handling
between logical channels of one UE by means of logical
channel prioritization, and/or padding. A MAC entity may
support one or multiple numerologies and/or transmission
timings. In an example, mapping restrictions in a logical
channel prioritization may control which numerology and/or
transmission timing a logical channel may use. In an
example, an RLC sublayer may supports transparent mode
(TM), unacknowledged mode (UM) and acknowledged
mode (AM) transmission modes. The RLC configuration
may be per logical channel with no dependency on numer-
ologies and/or Transmission Time Interval (TTI) durations.
In an example, Automatic Repeat Request (ARQ) may
operate on any of the numerologies and/or TTI durations the
logical channel is configured with. In an example, services
and functions of the PDCP layer for the user plane may
comprise sequence numbering, header compression and
decompression, transfer of user data, reordering and dupli-
cate detection, PDCP PDU routing (e.g. in case of split
bearers), retransmission of PDCP SDUs, ciphering, deci-
phering and integrity protection, PDCP SDU discard, PDCP
re-establishment and data recovery for RLC AM, and/or
duplication of PDCP PDUs. In an example, services and
functions of SDAP may comprise mapping between a QoS
flow and a data radio bearer. In an example, services and
functions of SDAP may comprise mapping Quality of Ser-
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vice Indicator (QFI) in DL and UL packets. In an example,
a protocol entity of SDAP may be configured for an indi-
vidual PDU session.

[0198] FIG. 2B is an example control plane protocol stack
where PDCP (e.g. 233 and 242), RLC (e.g. 234 and 243) and
MAC (e.g. 235 and 244) sublayers and PHY (e.g. 236 and
245) layer may be terminated in wireless device (e.g. 110)
and gNB (e.g. 120) on a network side and perform service
and functions described above. In an example, RRC (e.g.
232 and 241) may be terminated in a wireless device and a
gNB on a network side. In an example, services and func-
tions of RRC may comprise broadcast of system information
related to AS and NAS, paging initiated by 5GC or RAN,
establishment, maintenance and release of an RRC connec-
tion between the UE and RAN, security functions including
key management, establishment, configuration, maintenance
and release of Signaling Radio Bearers (SRBs) and Data
Radio Bearers (DRBs), mobility functions, QoS manage-
ment functions, UE measurement reporting and control of
the reporting, detection of and recovery from radio link
failure, and/or NAS message transfer to/from NAS from/to
a UE. In an example, NAS control protocol (e.g. 231 and
251) may be terminated in the wireless device and AMF (e.g.
130) on a network side and may perform functions such as
authentication, mobility management between a UE and a
AMF for 3GPP access and non-3GPP access, and session
management between a UE and a SMF for 3GPP access and
non-3GPP access.

[0199] In an example, a base station may configure a
plurality of logical channels for a wireless device. A logical
channel in the plurality of logical channels may correspond
to a radio bearer and the radio bearer may be associated with
a QoS requirement. In an example, a base station may
configure a logical channel to be mapped to one or more
TTIs/numerologies in a plurality of TTIs/numerologies. The
wireless device may receive a Downlink Control Informa-
tion (DCI) via Physical Downlink Control CHannel
(PDCCH) indicating an uplink grant. In an example, the
uplink grant may be for a first TTI/numerology and may
indicate uplink resources for transmission of a transport
block. The base station may configure each logical channel
in the plurality of logical channels with one or more param-
eters to be used by a logical channel prioritization procedure
at the MAC layer of the wireless device. The one or more
parameters may comprise priority, prioritized bit rate, etc. A
logical channel in the plurality of logical channels may
correspond to one or more buffers comprising data associ-
ated with the logical channel. The logical channel prioriti-
zation procedure may allocate the uplink resources to one or
more first logical channels in the plurality of logical chan-
nels and/or one or more MAC Control Elements (CEs). The
one or more first logical channels may be mapped to the first
TTI/nmumerology. The MAC layer at the wireless device may
multiplex one or more MAC CEs and/or one or more MAC
SDUs (e.g., logical channel) in a MAC PDU (e.g., transport
block). In an example, the MAC PDU may comprise a MAC
header comprising a plurality of MAC sub-headers. A MAC
sub-header in the plurality of MAC sub-headers may cor-
respond to a MAC CE or a MAC SUD (logical channel) in
the one or more MAC CEs and/or one or more MAC SDUs.
In an example, a MAC CE or a logical channel may be
configured with a Logical Channel IDentifier (LCID). In an
example, LCID for a logical channel or a MAC CE may be
fixed/pre-configured. In an example, LCID for a logical
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channel or MAC CE may be configured for the wireless
device by the base station. The MAC sub-header corre-
sponding to a MAC CE or a MAC SDU may comprise LCID
associated with the MAC CE or the MAC SDU.

[0200] In an example, a base station may activate and/or
deactivate and/or impact one or more processes (e.g., set
values of one or more parameters of the one or more
processes or start and/or stop one or more timers of the one
or more processes) at the wireless device by employing one
or more MAC commands. The one or more MAC com-
mands may comprise one or more MAC control elements. In
an example, the one or more processes may comprise
activation and/or deactivation of PDCP packet duplication
for one or more radio bearers. The base station may transmit
a MAC CE comprising one or more fields, the values of the
fields indicating activation and/or deactivation of PDCP
duplication for the one or more radio bearers. In an example,
the one or more processes may comprise Channel State
Information (CSI) transmission of on one or more cells. The
base station may transmit one or more MAC CEs indicating
activation and/or deactivation of the CSI transmission on the
one or more cells. In an example, the one or more processes
may comprise activation or deactivation of one or more
secondary cells. In an example, the base station may trans-
mit a MA CE indicating activation or deactivation of one or
more secondary cells. In an example, the base station may
transmit one or more MAC CEs indicating starting and/or
stopping one or more Discontinuous Reception (DRX) tim-
ers at the wireless device. In an example, the base station
may transmit one or more MAC CEs indicating one or more
timing advance values for one or more Timing Advance
Groups (TAGs).

[0201] FIG. 3 is a block diagram of base stations (base
station 1, 120A, and base station 2, 120B) and a wireless
device 110. A wireless device may be called an UE. A base
station may be called a NB, eNB, gNB, and/or ng-eNB. In
an example, a wireless device and/or a base station may act
as a relay node. The base station 1, 120A, may comprise at
least one communication interface 320A (e.g. a wireless
modem, an antenna, a wired modem, and/or the like), at least
one processor 321A, and at least one set of program code
instructions 323A stored in non-transitory memory 322A
and executable by the at least one processor 321A. The base
station 2, 120B, may comprise at least one communication
interface 320B, at least one processor 321B, and at least one
set of program code instructions 323B stored in non-transi-
tory memory 322B and executable by the at least one
processor 321B.

[0202] A base station may comprise many sectors for
example: 1, 2, 3, 4, or 6 sectors. A base station may comprise
many cells, for example, ranging from 1 to 50 cells or more.
A cell may be categorized, for example, as a primary cell or
secondary cell. At Radio Resource Control (RRC) connec-
tion establishment/re-establishment/handover, one serving
cell may provide the NAS (non-access stratum) mobility
information (e.g. Tracking Area Identifier (TAI)). At RRC
connection re-establishment/handover, one serving cell may
provide the security input. This cell may be referred to as the
Primary Cell (PCell). In the downlink, a carrier correspond-
ing to the PCell may be a DL Primary Component Carrier
(PCC), while in the uplink, a carrier may be an UL PCC.
Depending on wireless device capabilities, Secondary Cells
(SCells) may be configured to form together with a PCell a
set of serving cells. In a downlink, a carrier corresponding
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to an SCell may be a downlink secondary component carrier
(DL SCC), while in an uplink, a carrier may be an uplink
secondary component carrier (UL SCC). An SCell may or
may not have an uplink carrier.

[0203] A cell, comprising a downlink carrier and option-
ally an uplink carrier, may be assigned a physical cell ID and
a cell index. A carrier (downlink or uplink) may belong to
one cell. The cell ID or cell index may also identify the
downlink carrier or uplink carrier of the cell (depending on
the context it is used). In the disclosure, a cell ID may be
equally referred to a carrier ID, and a cell index may be
referred to a carrier index. In an implementation, a physical
cell ID or a cell index may be assigned to a cell. A cell ID
may be determined using a synchronization signal transmit-
ted on a downlink carrier. A cell index may be determined
using RRC messages. For example, when the disclosure
refers to a first physical cell ID for a first downlink carrier,
the disclosure may mean the first physical cell ID is for a cell
comprising the first downlink carrier. The same concept may
apply to, for example, carrier activation. When the disclo-
sure indicates that a first carrier is activated, the specification
may equally mean that a cell comprising the first carrier is
activated.

[0204] A base station may transmit to a wireless device
one or more messages (e.g. RRC messages) comprising a
plurality of configuration parameters for one or more cells.
One or more cells may comprise at least one primary cell
and at least one secondary cell. In an example, an RRC
message may be broadcasted or unicasted to the wireless
device. In an example, configuration parameters may com-
prise common parameters and dedicated parameters.
[0205] Services and/or functions of an RRC sublayer may
comprise at least one of: broadcast of system information
related to AS and NAS; paging initiated by 5GC and/or
NG-RAN; establishment, maintenance, and/or release of an
RRC connection between a wireless device and NG-RAN,
which may comprise at least one of addition, modification
and release of carrier aggregation; or addition, modification,
and/or release of dual connectivity in NR or between
E-UTRA and NR. Services and/or functions of an RRC
sublayer may further comprise at least one of security
functions comprising key management; establishment, con-
figuration, maintenance, and/or release of Signaling Radio
Bearers (SRBs) and/or Data Radio Bearers (DRBs); mobil-
ity functions which may comprise at least one of a handover
(e.g. intra NR mobility or inter-RAT mobility) and a context
transfer; or a wireless device cell selection and reselection
and control of cell selection and reselection. Services and/or
functions of an RRC sublayer may further comprise at least
one of QoS management functions; a wireless device mea-
surement configuration/reporting; detection of and/or recov-
ery from radio link failure; or NAS message transfer to/from
a core network entity (e.g. AMF, Mobility Management
Entity (MME)) from/to the wireless device.

[0206] An RRC sublayer may support an RRC_Idle state,
an RRC_Inactive state and/or an RRC_Connected state for
a wireless device. In an RRC_Idle state, a wireless device
may perform at least one of: Public Land Mobile Network
(PLMN) selection; receiving broadcasted system informa-
tion; cell selection/re-selection; monitoring/receiving a pag-
ing for mobile terminated data initiated by 5GC; paging for
mobile terminated data area managed by 5GC; or DRX for
CN paging configured via NAS. In an RRC_Inactive state,
a wireless device may perform at least one of: receiving
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broadcasted system information; cell selection/re-selection;
monitoring/receiving a RAN/CN paging initiated by
NG-RAN/5GC; RAN-based notification area (RNA) man-
aged by NG-RAN; or DRX for RAN/CN paging configured
by NG-RAN/NAS. In an RRC_Idle state of a wireless
device, a base station (e.g. NG-RAN) may keep a SGC-NG-
RAN connection (both C/U-planes) for the wireless device;
and/or store a UE AS context for the wireless device. In an
RRC_Connected state of a wireless device, a base station
(e.g. NG-RAN) may perform at least one of: establishment
of 5GC-NG-RAN connection (both C/U-planes) for the
wireless device; storing a UE AS context for the wireless
device; transmit/receive of unicast data to/from the wireless
device; or network-controlled mobility based on measure-
ment results received from the wireless device. In an RRC_
Connected state of a wireless device, an NG-RAN may
know a cell that the wireless device belongs to.

[0207] System information (SI) may be divided into mini-
mum SI and other SI. The minimum SI may be periodically
broadcast. The minimum SI may comprise basic information
required for initial access and information for acquiring any
other SI broadcast periodically or provisioned on-demand,
i.e. scheduling information. The other SI may either be
broadcast, or be provisioned in a dedicated manner, either
triggered by a network or upon request from a wireless
device. A minimum SI may be transmitted via two different
downlink channels using different messages (e.g. Masterln-
formationBlock and SystemInformationBlockTypel). An
other SI may be transmitted via SystemInformationBlock-
Type2. For a wireless device in an RRC_Connected state,
dedicated RRC signalling may be employed for the request
and delivery of the other SI. For the wireless device in the
RRC_Idle state and/or the RRC_Inactive state, the request
may trigger a random-access procedure.

[0208] A wireless device may report its radio access
capability information which may be static. A base station
may request what capabilities for a wireless device to report
based on band information. When allowed by a network, a
temporary capability restriction request may be sent by the
wireless device to signal the limited availability of some
capabilities (e.g. due to hardware sharing, interference or
overheating) to the base station. The base station may
confirm or reject the request. The temporary capability
restriction may be transparent to SGC (e.g., static capabili-
ties may be stored in 5GC).

[0209] When CA is configured, a wireless device may
have an RRC connection with a network. At RRC connec-
tion establishment/re-establishment/handover procedure,
one serving cell may provide NAS mobility information,
and at RRC connection re-establishment/handover, one
serving cell may provide a security input. This cell may be
referred to as the PCell. Depending on the capabilities of the
wireless device, SCells may be configured to form together
with the PCell a set of serving cells. The configured set of
serving cells for the wireless device may comprise one PCell
and one or more SCells.

[0210] The reconfiguration, addition and removal of
SCells may be performed by RRC. At intra-NR handover,
RRC may also add, remove, or reconfigure SCells for usage
with the target PCell. When adding a new SCell, dedicated
RRC signalling may be employed to send all required
system information of the SCell i.e. while in connected
mode, wireless devices may not need to acquire broadcasted
system information directly from the SCells.
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[0211] The purpose of an RRC connection reconfiguration
procedure may be to modify an RRC connection, (e.g. to
establish, modify and/or release RBs, to perform handover,
to setup, modify, and/or release measurements, to add,
modify, and/or release SCells and cell groups). As part of the
RRC connection reconfiguration procedure, NAS dedicated
information may be transferred from the network to the
wireless device. The RRCConnectionReconfiguration mes-
sage may be a command to modify an RRC connection. It
may convey information for measurement configuration,
mobility control, radio resource configuration (e.g. RBs,
MAC main configuration and physical channel configura-
tion) comprising any associated dedicated NAS information
and security configuration. If the received RRC Connection
Reconfiguration message includes the sCellToReleaseList,
the wireless device may perform an SCell release. If the
received RRC Connection Reconfiguration message
includes the sCellToAddModList, the wireless device may
perform SCell additions or modification.

[0212] An RRC connection establishment (or reestablish-
ment, resume) procedure may be to establish (or reestablish,
resume) an RRC connection. an RRC connection establish-
ment procedure may comprise SRB1 establishment. The
RRC connection establishment procedure may be used to
transfer the initial NAS dedicated information/message from
a wireless device to E-UTRAN. The RRCConnectionRees-
tablishment message may be used to re-establish SRB1.
[0213] A measurement report procedure may be to transfer
measurement results from a wireless device to NG-RAN.
The wireless device may initiate a measurement report
procedure after successtul security activation. A measure-
ment report message may be employed to transmit measure-
ment results.

[0214] The wireless device 110 may comprise at least one
communication interface 310 (e.g. a wireless modem, an
antenna, and/or the like), at least one processor 314, and at
least one set of program code instructions 316 stored in
non-transitory memory 315 and executable by the at least
one processor 314. The wireless device 110 may further
comprise at least one of at least one speaker/microphone
311, at least one keypad 312, at least one display/touchpad
313, at least one power source 317, at least one global
positioning system (GPS) chipset 318, and other peripherals
319.

[0215] The processor 314 of the wireless device 110, the
processor 321A of the base station 1 120A, and/or the
processor 321B of the base station 2 120B may comprise at
least one of a general-purpose processor, a digital signal
processor (DSP), a controller, a microcontroller, an appli-
cation specific integrated circuit (ASIC), a field program-
mable gate array (FPGA) and/or other programmable logic
device, discrete gate and/or transistor logic, discrete hard-
ware components, and the like. The processor 314 of the
wireless device 110, the processor 321A in base station 1
120A, and/or the processor 321B in base station 2 120B may
perform at least one of signal coding/processing, data pro-
cessing, power control, input/output processing, and/or any
other functionality that may enable the wireless device 110,
the base station 1 120A and/or the base station 2 120B to
operate in a wireless environment.

[0216] The processor 314 of the wireless device 110 may
be connected to the speaker/microphone 311, the keypad
312, and/or the display/touchpad 313. The processor 314
may receive user input data from and/or provide user output
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data to the speaker/microphone 311, the keypad 312, and/or
the display/touchpad 313. The processor 314 in the wireless
device 110 may receive power from the power source 317
and/or may be configured to distribute the power to the other
components in the wireless device 110. The power source
317 may comprise at least one of one or more dry cell
batteries, solar cells, fuel cells, and the like. The processor
314 may be connected to the GPS chipset 318. The GPS
chipset 318 may be configured to provide geographic loca-
tion information of the wireless device 110.

[0217] The processor 314 of the wireless device 110 may
further be connected to other peripherals 319, which may
comprise one or more software and/or hardware modules
that provide additional features and/or functionalities. For
example, the peripherals 319 may comprise at least one of
an accelerometer, a satellite transceiver, a digital camera, a
universal serial bus (USB) port, a hands-free headset, a
frequency modulated (FM) radio unit, a media player, an
Internet browser, and the like.

[0218] The communication interface 320A of the base
station 1, 120A, and/or the communication interface 320B of
the base station 2, 120B, may be configured to communicate
with the communication interface 310 of the wireless device
110 via a wireless link 330A and/or a wireless link 330B
respectively. In an example, the communication interface
320A of the base station 1, 120 A, may communicate with the
communication interface 320B of the base station 2 and
other RAN and core network nodes.

[0219] The wireless link 330A and/or the wireless link
330B may comprise at least one of a bi-directional link
and/or a directional link. The communication interface 310
of the wireless device 110 may be configured to communi-
cate with the communication interface 320A of the base
station 1 120A and/or with the communication interface
320B of the base station 2 120B. The base station 1 120A
and the wireless device 110 and/or the base station 2 120B
and the wireless device 110 may be configured to send and
receive transport blocks via the wireless link 330A and/or
via the wireless link 330B, respectively. The wireless link
330A and/or the wireless link 330B may employ at least one
frequency carrier. According to some of various aspects of
embodiments, transceiver(s) may be employed. A trans-
ceiver may be a device that comprises both a transmitter and
a receiver. Transceivers may be employed in devices such as
wireless devices, base stations, relay nodes, and/or the like.
Example embodiments for radio technology implemented in
the communication interface 310, 320A, 320B and the
wireless link 330A, 3308 are illustrated in FIG. 4A, FIG.
4B, FIG. 4C, FIG. 4D, F1G. 6, FIG. 7A, FIG. 7B, FIG. 8, and
associated text.

[0220] In an example, other nodes in a wireless network
(e.g. AMF, UPF, SMF, etc) may comprise one or more
communication interfaces, one or more processors, and
memory storing instructions.

[0221] A node (e.g. wireless device, base station, AMF,
SMF, UPF, servers, switches, antennas, and/or the like) may
comprise one or more processors, and memory storing
instructions that when executed by the one or more proces-
sors causes the node to perform certain processes and/or
functions. Example embodiments may enable operation of
single-carrier and/or multi-carrier communications. Other
example embodiments may comprise a non-transitory tan-
gible computer readable media comprising instructions
executable by one or more processors to cause operation of
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single-carrier and/or multi-carrier communications. Yet
other example embodiments may comprise an article of
manufacture that comprises a non-transitory tangible com-
puter readable machine-accessible medium having instruc-
tions encoded thereon for enabling programmable hardware
to cause a node to enable operation of single-carrier and/or
multi-carrier communications. The node may include pro-
cessors, memory, interfaces, and/or the like.

[0222] An interface may comprise at least one of a hard-
ware interface, a firmware interface, a software interface,
and/or a combination thereof. The hardware interface may
comprise connectors, wires, electronic devices such as driv-
ers, amplifiers, and/or the like. The software interface may
comprise code stored in a memory device to implement
protocol(s), protocol layers, communication drivers, device
drivers, combinations thereof, and/or the like. The firmware
interface may comprise a combination of embedded hard-
ware and code stored in and/or in communication with a
memory device to implement connections, electronic device
operations, protocol(s), protocol layers, communication
drivers, device drivers, hardware operations, combinations
thereof, and/or the like.

[0223] FIG. 4A, FIG. 4B, FIG. 4C and FIG. 4D are
example diagrams for uplink and downlink signal transmis-
sion as per an aspect of an embodiment of the present
disclosure. FIG. 4A shows an example uplink transmitter for
at least one physical channel. A baseband signal representing
a physical uplink shared channel may perform one or more
functions. The one or more functions may comprise at least
one of: scrambling; modulation of scrambled bits to generate
complex-valued symbols; mapping of the complex-valued
modulation symbols onto one or several transmission layers;
transform precoding to generate complex-valued symbols;
precoding of the complex-valued symbols; mapping of
precoded complex-valued symbols to resource elements;
generation of complex-valued time-domain Single Carrier-
Frequency Division Multiple Access (SC-FDMA) or CP-
OFDM signal for an antenna port; and/or the like. In an
example, when transform precoding is enabled, a SC-FDMA
signal for uplink transmission may be generated. In an
example, when transform precoding is not enabled, an
CP-OFDM signal for uplink transmission may be generated
by FIG. 4A. These functions are illustrated as examples and
it is anticipated that other mechanisms may be implemented
in various embodiments.

[0224] An example structure for modulation and up-con-
version to the carrier frequency of the complex-valued
SC-FDMA or CP-OFDM baseband signal for an antenna
port and/or the complex-valued Physical Random Access
CHannel (PRACH) baseband signal is shown in FIG. 4B.
Filtering may be employed prior to transmission.

[0225] An example structure for downlink transmissions
is shown in FIG. 4C. The baseband signal representing a
downlink physical channel may perform one or more func-
tions. The one or more functions may comprise: scrambling
of coded bits in a codeword to be transmitted on a physical
channel; modulation of scrambled bits to generate complex-
valued modulation symbols; mapping of the complex-val-
ued modulation symbols onto one or several transmission
layers; precoding of the complex-valued modulation sym-
bols on a layer for transmission on the antenna ports;
mapping of complex-valued modulation symbols for an
antenna port to resource elements; generation of complex-
valued time-domain OFDM signal for an antenna port;
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and/or the like. These functions are illustrated as examples
and it is anticipated that other mechanisms may be imple-
mented in various embodiments.

[0226] In an example, a gNB may transmit a first symbol
and a second symbol on an antenna port, to a wireless
device. The wireless device may infer the channel (e.g.,
fading gain, multipath delay, etc.) for conveying the second
symbol on the antenna port, from the channel for conveying
the first symbol on the antenna port. In an example, a first
antenna port and a second antenna port may be quasi
co-located if one or more large-scale properties of the
channel over which a first symbol on the first antenna port
is conveyed may be inferred from the channel over which a
second symbol on a second antenna port is conveyed. The
one or more large-scale properties may comprise at least one
of: delay spread; doppler spread; doppler shift; average gain;
average delay; and/or spatial Receiving (Rx) parameters.
[0227] An example modulation and up-conversion to the
carrier frequency of the complex-valued OFDM baseband
signal for an antenna port is shown in FIG. 4D. Filtering may
be employed prior to transmission.

[0228] FIG. 5A is a diagram of an example uplink channel
mapping and example uplink physical signals. FIG. 5B is a
diagram of an example downlink channel mapping and a
downlink physical signals. In an example, a physical layer
may provide one or more information transfer services to a
MAC and/or one or more higher layers. For example, the
physical layer may provide the one or more information
transfer services to the MAC via one or more transport
channels. An information transfer service may indicate how
and with what characteristics data are transferred over the
radio interface.

[0229] In an example embodiment, a radio network may
comprise one or more downlink and/or uplink transport
channels. For example, a diagram in FIG. 5A shows example
uplink transport channels comprising Uplink-Shared CHan-
nel (UL-SCH) 501 and Random Access CHannel (RACH)
502. A diagram in FIG. 5B shows example downlink trans-
port channels comprising Downlink-Shared CHannel (DL-
SCH) 511, Paging CHannel (PCH) 512, and Broadcast
CHannel (BCH) 513. A transport channel may be mapped to
one or more corresponding physical channels. For example,
UL-SCH 501 may be mapped to Physical Uplink Shared
CHannel (PUSCH) 503. RACH 502 may be mapped to
PRACH 505. DL-SCH 511 and PCH 512 may be mapped to
Physical Downlink Shared CHannel (PDSCH) 514. BCH
513 may be mapped to Physical Broadcast CHannel (PBCH)
516.

[0230] There may be one or more physical channels
without a corresponding transport channel. The one or more
physical channels may be employed for Uplink Control
Information (UCI) 509 and/or Downlink Control Informa-
tion (DCI) 517. For example, Physical Uplink Control
CHannel (PUCCH) 504 may carry UCI 509 from a UE to a
base station. For example, Physical Downlink Control
CHannel (PDCCH) 515 may carry DCI 517 from a base
station to a UE. NR may support UCI 509 multiplexing in
PUSCH 503 when UCI 509 and PUSCH 503 transmissions
may coincide in a slot at least in part. The UCI 509 may
comprise at least one of CSI, Acknowledgement (ACK)/
Negative Acknowledgement (NACK), and/or scheduling
request. The DCI 517 on PDCCH 515 may indicate at least
one of following: one or more downlink assignments and/or
one or more uplink scheduling grants
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[0231] In uplink, a UE may transmit one or more Refer-
ence Signals (RSs) to a base station. For example, the one or
more RSs may be at least one of Demodulation-RS (DM-
RS) 506, Phase Tracking-RS (PT-RS) 507, and/or Sounding
RS (SRS) 508. In downlink, a base station may transmit
(e.g., unicast, multicast, and/or broadcast) one or more RSs
to a UE. For example, the one or more RSs may be at least
one of Primary Synchronization Signal (PSS)/Secondary
Synchronization Signal (SSS) 521, CSI-RS 522, DM-RS
523, and/or PT-RS 524.

[0232] In an example, a UE may transmit one or more
uplink DM-RSs 506 to a base station for channel estimation,
for example, for coherent demodulation of one or more
uplink physical channels (e.g., PUSCH 503 and/or PUCCH
504). For example, a UE may transmit a base station at least
one uplink DM-RS 506 with PUSCH 503 and/or PUCCH
504, wherein the at least one uplink DM-RS 506 may be
spanning a same frequency range as a corresponding physi-
cal channel. In an example, a base station may configure a
UE with one or more uplink DM-RS configurations. At least
one DM-RS configuration may support a front-loaded DM-
RS pattern. A front-loaded DM-RS may be mapped over one
or more OFDM symbols (e.g., 1 or 2 adjacent OFDM
symbols). One or more additional uplink DM-RS may be
configured to transmit at one or more symbols of a PUSCH
and/or PUCCH. A base station may semi-statistically con-
figure a UE with a maximum number of front-loaded
DM-RS symbols for PUSCH and/or PUCCH. For example,
a UE may schedule a single-symbol DM-RS and/or double
symbol DM-RS based on a maximum number of front-
loaded DM-RS symbols, wherein a base station may con-
figure the UE with one or more additional uplink DM-RS for
PUSCH and/or PUCCH. A new radio network may support,
e.g., at least for CP-OFDM, a common DM-RS structure for
DL and UL, wherein a DM-RS location, DM-RS pattern,
and/or scrambling sequence may be same or different.

[0233] In an example, whether uplink PT-RS 507 is pres-
ent or not may depend on a RRC configuration. For example,
a presence of uplink PT-RS may be UE-specifically config-
ured. For example, a presence and/or a pattern of uplink
PT-RS 507 in a scheduled resource may be UE-specifically
configured by a combination of RRC signaling and/or asso-
ciation with one or more parameters employed for other
purposes (e.g., Modulation and Coding Scheme (MCS))
which may be indicated by DCI. When configured, a
dynamic presence of uplink PT-RS 507 may be associated
with one or more DCI parameters comprising at least MCS.
A radio network may support plurality of uplink PT-RS
densities defined in time/frequency domain. When present,
a frequency domain density may be associated with at least
one configuration of a scheduled bandwidth. A UE may
assume a same precoding for a DMRS port and a PT-RS
port. A number of PT-RS ports may be fewer than a number
of DM-RS ports in a scheduled resource. For example,
uplink PT-RS 507 may be confined in the scheduled time/
frequency duration for a UE.

[0234] In an example, a UE may transmit SRS 508 to a
base station for channel state estimation to support uplink
channel dependent scheduling and/or link adaptation. For
example, SRS 508 transmitted by a UE may allow for a base
station to estimate an uplink channel state at one or more
different frequencies. A base station scheduler may employ
an uplink channel state to assign one or more resource
blocks of good quality for an uplink PUSCH transmission
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from a UE. A base station may semi-statistically configure a
UE with one or more SRS resource sets. For an SRS
resource set, a base station may configure a UE with one or
more SRS resources. An SRS resource set applicability may
be configured by a higher layer (e.g., RRC) parameter. For
example, when a higher layer parameter indicates beam
management, a SRS resource in each of one or more SRS
resource sets may be transmitted at a time instant. A UE may
transmit one or more SRS resources in different SRS
resource sets simultaneously. A new radio network may
support aperiodic, periodic and/or semi-persistent SRS
transmissions. A UE may transmit SRS resources based on
one or more trigger types, wherein the one or more trigger
types may comprise higher layer signaling (e.g., RRC)
and/or one or more DCI formats (e.g., at least one DCI
format may be employed for a UE to select at least one of
one or more configured SRS resource sets. An SRS trigger
type 0 may refer to an SRS triggered based on a higher layer
signaling. An SRS trigger type 1 may refer to an SRS
triggered based on one or more DCI formats. In an example,
when PUSCH 503 and SRS 508 are transmitted in a same
slot, a UE may be configured to transmit SRS 508 after a
transmission of PUSCH 503 and corresponding uplink DM-
RS 506.

[0235] Inan example, a base station may semi-statistically
configure a UE with one or more SRS configuration param-
eters indicating at least one of following: a SRS resource
configuration identifier, a number of SRS ports, time domain
behavior of SRS resource configuration (e.g., an indication
of periodic, semi-persistent, or aperiodic SRS), slot (mini-
slot, and/or subframe) level periodicity and/or offset for a
periodic and/or aperiodic SRS resource, a number of OFDM
symbols in a SRS resource, starting OFDM symbol of a SRS
resource, a SRS bandwidth, a frequency hopping bandwidth,
a cyclic shift, and/or a SRS sequence ID.

[0236] In an example, in a time domain, an SS/PBCH
block may comprise one or more OFDM symbols (e.g., 4
OFDM symbols numbered in increasing order from 0 to 3)
within the SS/PBCH block. An SS/PBCH block may com-
prise PSS/SSS 521 and PBCH 516. In an example, in the
frequency domain, an SS/PBCH block may comprise one or
more contiguous subcarriers (e.g., 240 contiguous subcarri-
ers with the subcarriers numbered in increasing order from
0 to 239) within the SS/PBCH block. For example, a
PSS/SSS 521 may occupy 1 OFDM symbol and 127 sub-
carriers. For example, PBCH 516 may span across 3 OFDM
symbols and 240 subcarriers. A UE may assume that one or
more SS/PBCH blocks transmitted with a same block index
may be quasi co-located, e.g., with respect to Doppler
spread, Doppler shift, average gain, average delay, and
spatial Rx parameters. A UE may not assume quasi co-
location for other SS/PBCH block transmissions. A period-
icity of an SS/PBCH block may be configured by a radio
network (e.g., by an RRC signaling) and one or more time
locations where the SS/PBCH block may be sent may be
determined by sub-carrier spacing. In an example, a UE may
assume a band-specific sub-carrier spacing for an SS/PBCH
block unless a radio network has configured a UE to assume
a different sub-carrier spacing.

[0237] In an example, downlink CSI-RS 522 may be
employed for a UE to acquire channel state information. A
radio network may support periodic, aperiodic, and/or semi-
persistent transmission of downlink CSI-RS 522. For
example, a base station may semi-statistically configure
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and/or reconfigure a UE with periodic transmission of
downlink CSI-RS 522. A configured CSI-RS resources may
be activated ad/or deactivated. For semi-persistent transmis-
sion, an activation and/or deactivation of CSI-RS resource
may be triggered dynamically. In an example, CSI-RS
configuration may comprise one or more parameters indi-
cating at least a number of antenna ports. For example, a
base station may configure a UE with 32 ports. A base station
may semi-statistically configure a UE with one or more
CSI-RS resource sets. One or more CSI-RS resources may
be allocated from one or more CSI-RS resource sets to one
or more UEs. For example, a base station may semi-
statistically configure one or more parameters indicating CSI
RS resource mapping, for example, time-domain location of
one or more CSI-RS resources, a bandwidth of a CSI-RS
resource, and/or a periodicity. In an example, a UE may be
configured to employ a same OFDM symbols for downlink
CSI-RS 522 and control resource set (coreset) when the
downlink CSI-RS 522 and coreset are spatially quasi co-
located and resource elements associated with the downlink
CSI-RS 522 are the outside of PRBs configured for coreset.
In an example, a UE may be configured to employ a same
OFDM symbols for downlink CSI-RS 522 and SS/PBCH
blocks when the downlink CSI-RS 522 and SS/PBCH
blocks are spatially quasi co-located and resource elements
associated with the downlink CSI-RS 522 are the outside of
PRBs configured for SS/PBCH blocks.

[0238] In an example, a UE may transmit one or more
downlink DM-RSs 523 to a base station for channel esti-
mation, for example, for coherent demodulation of one or
more downlink physical channels (e.g., PDSCH 514). For
example, a radio network may support one or more variable
and/or configurable DM-RS patterns for data demodulation.
At least one downlink DM-RS configuration may support a
front-loaded DM-RS pattern. A front-loaded DM-RS may be
mapped over one or more OFDM symbols (e.g., 1 or 2
adjacent OFDM symbols). A base station may semi-statis-
tically configure a UE with a maximum number of front-
loaded DM-RS symbols for PDSCH 514. For example, a
DM-RS configuration may support one or more DM-RS
ports. For example, for single user-MIMO, a DM-RS con-
figuration may support at least 8 orthogonal downlink DM-
RS ports. For example, for multiuser-MIMO, a DM-RS
configuration may support 12 orthogonal downlink DM-RS
ports. A radio network may support, e.g., at least for CP-
OFDM, a common DM-RS structure for DL and UL,
wherein a DM-RS location, DM-RS pattern, and/or scram-
bling sequence may be same or different.

[0239] In an example, whether downlink PT-RS 524 is
present or not may depend on a RRC configuration. For
example, a presence of downlink PT-RS 524 may be UE-
specifically configured. For example, a presence and/or a
pattern of downlink PT-RS 524 in a scheduled resource may
be UE-specifically configured by a combination of RRC
signaling and/or association with one or more parameters
employed for other purposes (e.g., MCS) which may be
indicated by DCI. When configured, a dynamic presence of
downlink PT-RS 524 may be associated with one or more
DCI parameters comprising at least MCS. A radio network
may support plurality of PT-RS densities defined in time/
frequency domain. When present, a frequency domain den-
sity may be associated with at least one configuration of a
scheduled bandwidth. A UE may assume a same precoding
fora DMRS port and a PT-RS port. A number of PT-RS ports
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may be fewer than a number of DM-RS ports in a scheduled
resource. For example, downlink PT-RS 524 may be con-
fined in the scheduled time/frequency duration for a UE.

[0240] FIG. 6 is a diagram depicting an example trans-
mission time and reception time for a carrier as per an aspect
of an embodiment of the present disclosure. A multicarrier
OFDM communication system may include one or more
carriers, for example, ranging from 1 to 32 carriers, in case
of carrier aggregation, or ranging from 1 to 64 carriers, in
case of dual connectivity. Different radio frame structures
may be supported (e.g., for FDD and for TDD duplex
mechanisms). FIG. 6 shows an example frame timing.
Downlink and uplink transmissions may be organized into
radio frames 601. In this example, radio frame duration is 10
ms. In this example, a 10 ms radio frame 601 may be divided
into ten equally sized subframes 602 with 1 ms duration.
Subframe(s) may comprise one or more slots (e.g. slots 603
and 605) depending on subcarrier spacing and/or CP length.
For example, a subframe with 15 kHz, 30 kHz, 60 kHz, 120
kHz, 240 kHz and 480 kHz subcarrier spacing may comprise
one, two, four, eight, sixteen and thirty-two slots, respec-
tively. In FIG. 6, a subframe may be divided into two equally
sized slots 603 with 0.5 ms duration. For example, 10
subframes may be available for downlink transmission and
10 subframes may be available for uplink transmissions in a
10 ms interval. Uplink and downlink transmissions may be
separated in the frequency domain. Slot(s) may include a
plurality of OFDM symbols 604. The number of OFDM
symbols 604 in a slot 605 may depend on the cyclic prefix
length. For example, a slot may be 14 OFDM symbols for
the same subcarrier spacing of up to 480 kHz with normal
CP. A slot may be 12 OFDM symbols for the same subcarrier
spacing of 60 kHz with extended CP. A slot may contain
downlink, uplink, or a downlink part and an uplink part
and/or alike.

[0241] FIG. 7A is a diagram depicting example sets of
OFDM subcarriers as per an aspect of an embodiment of the
present disclosure. In the example, a gNB may communicate
with a wireless device with a carrier with an example
channel bandwidth 700. Arrow(s) in the diagram may depict
a subcarrier in a multicarrier OFDM system. The OFDM
system may use technology such as OFDM technology,
SC-FDMA technology, and/or the like. In an example, an
arrow 701 shows a subcarrier transmitting information sym-
bols. In an example, a subcarrier spacing 702, between two
contiguous subcarriers in a carrier, may be any one of 15
KHz, 30 KHz, 60 KHz, 120 KHz, 240 KHz etc. In an
example, different subcarrier spacing may correspond to
different transmission numerologies. In an example, a trans-
mission numerology may comprise at least: a numerology
index; a value of subcarrier spacing; a type of cyclic prefix
(CP). In an example, a gNB may transmit to/receive from a
UE on a number of subcarriers 703 in a carrier. In an
example, a bandwidth occupied by a number of subcarriers
703 (transmission bandwidth) may be smaller than the
channel bandwidth 700 of a carrier, due to guard band 704
and 705. In an example, a guard band 704 and 705 may be
used to reduce interference to and from one or more neigh-
bor carriers. A number of subcarriers (transmission band-
width) in a carrier may depend on the channel bandwidth of
the carrier and the subcarrier spacing. For example, a
transmission bandwidth, for a carrier with 20 MHz channel
bandwidth and 15 KHz subcarrier spacing, may be in
number of 1024 subcarriers.
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[0242] In an example, a gNB and a wireless device may
communicate with multiple CCs when configured with CA.
In an example, different component carriers may have
different bandwidth and/or subcarrier spacing, if CA is
supported. In an example, a gNB may transmit a first type of
service to a UE on a first component carrier. The gNB may
transmit a second type of service to the UE on a second
component carrier. Different type of services may have
different service requirement (e.g., data rate, latency, reli-
ability), which may be suitable for transmission via different
component carrier having different subcarrier spacing and/or
bandwidth. FIG. 7B shows an example embodiment. A first
component carrier may comprise a first number of subcar-
riers 706 with a first subcarrier spacing 709. A second
component carrier may comprise a second number of sub-
carriers 707 with a second subcarrier spacing 710. A third
component carrier may comprise a third number of subcar-
riers 708 with a third subcarrier spacing 711. Carriers in a
multicarrier OFDM communication system may be contigu-
ous carriers, non-contiguous carriers, or a combination of
both contiguous and non-contiguous carriers.

[0243] FIG. 8 is a diagram depicting OFDM radio
resources as per an aspect of an embodiment of the present
disclosure. In an example, a carrier may have a transmission
bandwidth 801. In an example, a resource grid may be in a
structure of frequency domain 802 and time domain 803. In
an example, a resource grid may comprise a first number of
OFDM symbols in a subframe and a second number of
resource blocks, starting from a common resource block
indicated by higher-layer signaling (e.g. RRC signaling), for
a transmission numerology and a carrier. In an example, in
a resource grid, a resource unit identified by a subcarrier
index and a symbol index may be a resource element 805.
In an example, a subframe may comprise a first number of
OFDM symbols 807 depending on a numerology associated
with a carrier. For example, when a subcarrier spacing of a
numerology of a carrier is 15 KHz, a subframe may have 14
OFDM symbols for a carrier. When a subcarrier spacing of
a numerology is 30 KHz, a subframe may have 28 OFDM
symbols. When a subcarrier spacing of a numerology is 60
Khz, a subframe may have 56 OFDM symbols, etc. In an
example, a second number of resource blocks comprised in
a resource grid of a carrier may depend on a bandwidth and
a numerology of the carrier.

[0244] As shown in FIG. 8, a resource block 806 may
comprise 12 subcarriers. In an example, multiple resource
blocks may be grouped into a Resource Block Group (RBG)
804. In an example, a size of a RBG may depend on at least
one of: a RRC message indicating a RBG size configuration;
a size of a carrier bandwidth; or a size of a bandwidth part
of'a carrier. In an example, a carrier may comprise multiple
bandwidth parts. A first bandwidth part of a carrier may have
different frequency location and/or bandwidth from a second
bandwidth part of the carrier.

[0245] In an example, a gNB may transmit a downlink
control information comprising a downlink or uplink
resource block assignment to a wireless device. A base
station may transmit to or receive from, a wireless device,
data packets (e.g. transport blocks) scheduled and transmit-
ted via one or more resource blocks and one or more slots
according to parameters in a downlink control information
and/or RRC message(s). In an example, a starting symbol
relative to a first slot of the one or more slots may be
indicated to the wireless device. In an example, a gNB may
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transmit to or receive from, a wireless device, data packets
scheduled on one or more RBGs and one or more slots.
[0246] In an example, a gNB may transmit a downlink
control information comprising a downlink assignment to a
wireless device via one or more PDCCHs. The downlink
assignment may comprise parameters indicating at least
modulation and coding format; resource allocation; and/or
HARQ information related to DL-SCH. In an example, a
resource allocation may comprise parameters of resource
block allocation; and/or slot allocation. In an example, a
gNB may dynamically allocate resources to a wireless
device via a Cell-Radio Network Temporary Identifier
(C-RNTI) on one or more PDCCHs. The wireless device
may monitor the one or more PDCCHs in order to find
possible allocation when its downlink reception is enabled.
The wireless device may receive one or more downlink data
package on one or more PDSCH scheduled by the one or
more PDCCHs, when successfully detecting the one or more
PDCCHs.

[0247] In an example, a gNB may allocate Configured
Scheduling (CS) resources for down link transmission to a
wireless device. The gNB may transmit one or more RRC
messages indicating a periodicity of the CS grant. The gNB
may transmit a DCI via a PDCCH addressed to a Configured
Scheduling-RNTI (CS-RNTI) activating the CS resources.
The DCI may comprise parameters indicating that the down-
link grant is a CS grant. The CS grant may be implicitly
reused according to the periodicity defined by the one or
more RRC messages, until deactivated.

[0248] In an example, a gNB may transmit a downlink
control information comprising an uplink grant to a wireless
device via one or more PDCCHs. The uplink grant may
comprise parameters indicating at least modulation and
coding format; resource allocation; and/or HARQ informa-
tion related to UL-SCH. In an example, a resource allocation
may comprise parameters of resource block allocation;
and/or slot allocation. In an example, a gNB may dynami-
cally allocate resources to a wireless device via a C-RNTI on
one or more PDCCHs. The wireless device may monitor the
one or more PDCCHs in order to find possible resource
allocation. The wireless device may transmit one or more
uplink data package via one or more PUSCH scheduled by
the one or more PDCCHs, when successfully detecting the
one or more PDCCHs.

[0249] In an example, a gNB may allocate CS resources
for uplink data transmission to a wireless device. The gNB
may transmit one or more RRC messages indicating a
periodicity of the CS grant. The gNB may transmit a DCI via
a PDCCH addressed to a CS-RNTI activating the CS
resources. The DCI may comprise parameters indicating that
the uplink grant is a CS grant. The CS grant may be
implicitly reused according to the periodicity defined by the
one or more RRC message, until deactivated.

[0250] In an example, a base station may transmit DCI/
control signaling via PDCCH. The DCI may take a format
in a plurality of formats. A DCI may comprise downlink
and/or uplink scheduling information (e.g., resource alloca-
tion information, HARQ related parameters, MCS), request
for CSI (e.g., aperiodic CQI reports), request for SRS, uplink
power control commands for one or more cells, one or more
timing information (e.g., TB transmission/reception timing,
HARQ feedback timing, etc.), etc. In an example, a DCI
may indicate an uplink grant comprising transmission
parameters for one or more transport blocks. In an example,
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a DCI may indicate downlink assignment indicating param-
eters for receiving one or more transport blocks. In an
example, a DCI may be used by base station to initiate a
contention-free random access at the wireless device. In an
example, the base station may transmit a DCI comprising
slot format indicator (SFI) notifying a slot format. In an
example, the base station may transmit a DCI comprising
pre-emption indication notifying the PRB(s) and/or OFDM
symbol(s) where a UE may assume no transmission is
intended for the UE. In an example, the base station may
transmit a DCI for group power control of PUCCH or
PUSCH or SRS. In an example, a DCI may correspond to an
RNTI. In an example, the wireless device may obtain an
RNTTI in response to completing the initial access (e.g.,
C-RNTI). In an example, the base station may configure an
RNTI for the wireless (e.g., CS-RNTI, TPC-CS-RNTI,
TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-
RNTTI). In an example, the wireless device may compute an
RNTI (e.g., the wireless device may compute RA-RNTI
based on resources used for transmission of a preamble). In
an example, an RNTI may have a pre-configured value (e.g.,
P-RNTI or SI-RNTTI). In an example, a wireless device may
monitor a group common search space which may be used
by base station for transmitting DCls that are intended for a
group of UEs. In an example, a group common DCI may
correspond to an RNTI which is commonly configured for a
group of UEs. In an example, a wireless device may monitor
a UE-specific search space. In an example, a UE specific
DCI may correspond to an RNTI configured for the wireless
device.

[0251] A NR system may support a single beam operation
and/or a multi-beam operation. In a multi-beam operation, a
base station may perform a downlink beam sweeping to
provide coverage for common control channels and/or
downlink SS blocks, which may comprise at least a PSS, a
SSS, and/or PBCH. A wireless device may measure quality
of'a beam pair link using one or more RSs. One or more SS
blocks, or one or more CSI-RS resources, associated with a
CSI-RS resource index (CRI), or one or more DM-RSs of
PBCH, may be used as RS for measuring quality of a beam
pair link. Quality of a beam pair link may be defined as a
reference signal received power (RSRP) value, or a refer-
ence signal received quality (RSRQ) value, and/or a CSI
value measured on RS resources. The base station may
indicate whether an RS resource, used for measuring a beam
pair link quality, is quasi-co-located (QCLed) with DM-RSs
of a control channel. A RS resource and DM-RSs of a control
channel may be called QCLed when a channel characteris-
tics from a transmission on an RS to a wireless device, and
that from a transmission on a control channel to a wireless
device, are similar or same under a configured criterion. In
a multi-beam operation, a wireless device may perform an
uplink beam sweeping to access a cell.

[0252] Inanexample, a wireless device may be configured
to monitor PDCCH on one or more beam pair links simul-
taneously depending on a capability of a wireless device.
This may increase robustness against beam pair link block-
ing. A base station may transmit one or more messages to
configure a wireless device to monitor PDCCH on one or
more beam pair links in different PDCCH OFDM symbols.
For example, a base station may transmit higher layer
signaling (e.g. RRC signaling) or MAC CE comprising
parameters related to the Rx beam setting of a wireless
device for monitoring PDCCH on one or more beam pair
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links. A base station may transmit indication of spatial QCL
assumption between an DL RS antenna port(s) (for example,
cell-specific CSI-RS, or wireless device-specific CSI-RS, or
SS block, or PBCH with or without DM-RSs of PBCH), and
DL RS antenna port(s) for demodulation of DL control
channel. Signaling for beam indication for a PDCCH may be
MAC CE signaling, or RRC signaling, or DCI signaling, or
specification-transparent and/or implicit method, and com-
bination of these signaling methods.

[0253] For reception of unicast DL data channel, a base
station may indicate spatial QCL parameters between DL RS
antenna port(s) and DM-RS antenna port(s) of DL data
channel. The base station may transmit DCI (e.g. downlink
grants) comprising information indicating the RS antenna
port(s). The information may indicate RS antenna port(s)
which may be QCLed with the DM-RS antenna port(s).
Different set of DM-RS antenna port(s) for a DL data
channel may be indicated as QCL with different set of the RS
antenna port(s).

[0254] FIG. 9A is an example of beam sweeping in a DL
channel. In an RRC_INACTIVE state or RRC_IDLE state,
a wireless device may assume that SS blocks form an SS
burst 940, and an SS burst set 950. The SS burst set 950 may
have a given periodicity. For example, in a multi-beam
operation, a base station 120 may transmit SS blocks in
multiple beams, together forming a SS burst 940. One or
more SS blocks may be transmitted on one beam. If multiple
SS bursts 940 are transmitted with multiple beams, SS bursts
together may form SS burst set 950.

[0255] A wireless device may further use CSI-RS in the
multi-beam operation for estimating a beam quality of a
links between a wireless device and a base station. A beam
may be associated with a CSI-RS. For example, a wireless
device may, based on a RSRP measurement on CSI-RS,
report a beam index, as indicated in a CRI for downlink
beam selection, and associated with a RSRP value of a
beam. A CSI-RS may be transmitted on a CSI-RS resource
including at least one of one or more antenna ports, one or
more time or frequency radio resources. A CSI-RS resource
may be configured in a cell-specific way by common RRC
signaling, or in a wireless device-specific way by dedicated
RRC signaling, and/or L1/1.2 signaling. Multiple wireless
devices covered by a cell may measure a cell-specific
CSI-RS resource. A dedicated subset of wireless devices
covered by a cell may measure a wireless device-specific
CSI-RS resource.

[0256] A CSI-RS resource may be transmitted periodi-
cally, or using aperiodic transmission, or using a multi-shot
or semi-persistent transmission. For example, in a periodic
transmission in FIG. 9A, a base station 120 may transmit
configured CSI-RS resources 940 periodically using a con-
figured periodicity in a time domain. In an aperiodic trans-
mission, a configured CSI-RS resource may be transmitted
in a dedicated time slot. In a multi-shot or semi-persistent
transmission, a configured CSI-RS resource may be trans-
mitted within a configured period. Beams used for CSI-RS
transmission may have different beam width than beams
used for SS-blocks transmission.

[0257] FIG. 9B is an example of a beam management
procedure in an example new radio network. A base station
120 and/or a wireless device 110 may perform a downlink
L1/L.2 beam management procedure. One or more of the
following downlink [.1/1.2 beam management procedures
may be performed within one or more wireless devices 110
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and one or more base stations 120. In an example, a P-1
procedure 910 may be used to enable the wireless device 110
to measure one or more Transmission (Tx) beams associated
with the base station 120 to support a selection of a first set
of Tx beams associated with the base station 120 and a first
set of Rx beam(s) associated with a wireless device 110. For
beamforming at a base station 120, a base station 120 may
sweep a set of different TX beams. For beamforming at a
wireless device 110, a wireless device 110 may sweep a set
of different Rx beams. In an example, a P-2 procedure 920
may be used to enable a wireless device 110 to measure one
or more Tx beams associated with a base station 120 to
possibly change a first set of Tx beams associated with a
base station 120. A P-2 procedure 920 may be performed on
a possibly smaller set of beams for beam refinement than in
the P-1 procedure 910. A P-2 procedure 920 may be a special
case of a P-1 procedure 910. In an example, a P-3 procedure
930 may be used to enable a wireless device 110 to measure
at least one Tx beam associated with a base station 120 to
change a first set of Rx beams associated with a wireless
device 110.

[0258] A wireless device 110 may transmit one or more
beam management reports to a base station 120. In one or
more beam management reports, a wireless device 110 may
indicate some beam pair quality parameters, comprising at
least, one or more beam identifications; RSRP; Precoding
Matrix Indicator (PMI)/Channel Quality Indicator (CQI)/
Rank Indicator (RI) of a subset of configured beams. Based
on one or more beam management reports, a base station
120 may transmit to a wireless device 110 a signal indicating
that one or more beam pair links are one or more serving
beams. A base station 120 may transmit PDCCH and
PDSCH for a wireless device 110 using one or more serving
beams.

[0259] In an example embodiment, new radio network
may support a Bandwidth Adaptation (BA). In an example,
receive and/or transmit bandwidths configured by an UE
employing a BA may not be large. For example, a receive
and/or transmit bandwidths may not be as large as a band-
width of a cell. Receive and/or transmit bandwidths may be
adjustable. For example, a UE may change receive and/or
transmit bandwidths, e.g., to shrink during period of low
activity to save power. For example, a UE may change a
location of receive and/or transmit bandwidths in a fre-
quency domain, e.g. to increase scheduling flexibility. For
example, a UE may change a subcarrier spacing, e.g. to
allow different services.

[0260] In an example embodiment, a subset of a total cell
bandwidth of a cell may be referred to as a Bandwidth Part
(BWP). Abase station may configure a UE with one or more
BWPs to achieve a BA. For example, a base station may
indicate, to a UE, which of the one or more (configured)
BWPs is an active BWP.

[0261] FIG. 10 is an example diagram of 3 BWPs con-
figured: BWP1 (1010 and 1050) with a width of 40 MHz and
subcarrier spacing of 15 kHz; BWP2 (1020 and 1040) with
a width of 10 MHz and subcarrier spacing of 15 kHz; BWP3
1030 with a width of 20 MHz and subcarrier spacing of 60
kHz.

[0262] In an example, a UE, configured for operation in
one or more BWPs of a cell, may be configured by one or
more higher layers (e.g. RRC layer) for a cell a set of one or
more BWPs (e.g., at most four BWPs) for receptions by the
UE (DL BWP set) in a DL bandwidth by at least one
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parameter DL-BWP and a set of one or more BWPs (e.g., at
most four BWPs) for transmissions by a UE (UL BWP set)
in an UL bandwidth by at least one parameter UL-BWP for
a cell.

[0263] To enable BA on the PCell, a base station may
configure a UE with one or more UL and DL, BWP pairs. To
enable BA on SCells (e.g., in case of CA), a base station may
configure a UE at least with one or more DL. BWPs (e.g.,
there may be none in an UL).

[0264] In an example, an initial active DL BWP may be
defined by at least one of a location and number of contigu-
ous PRBs, a subcarrier spacing, or a cyclic prefix, for a
control resource set for at least one common search space.
For operation on the PCell, one or more higher layer
parameters may indicate at least one initial UL BWP for a
random access procedure. If a UE is configured with a
secondary carrier on a primary cell, the UE may be config-
ured with an initial BWP for random access procedure on a
secondary carrier.

[0265] In an example, for unpaired spectrum operation, a
UE may expect that a center frequency for a DL BWP may
be same as a center frequency for a UL BWP.

[0266] For example, for a DL BWP or an UL BWP in a set
of one or more DL BWPs or one or more UL BWPs,
respectively, a base station may semi-statistically configure
a UE for a cell with one or more parameters indicating at
least one of following: a subcarrier spacing; a cyclic prefix;
a number of contiguous PRBs; an index in the set of one or
more DL BWPs and/or one or more UL BWPs; a link
between a DL BWP and an UL BWP from a set of config-
ured DL BWPs and UL BWPs; a DCI detection to a PDSCH
reception timing; a PDSCH reception to a HARQ-ACK
transmission timing value; a DCI detection to a PUSCH
transmission timing value; an offset of a first PRB of a DL,
bandwidth or an UL bandwidth, respectively, relative to a
first PRB of a bandwidth.

[0267] In an example, for a DL BWP in a set of one or
more DL BWPs on a PCell, a base station may configure a
UE with one or more control resource sets for at least one
type of common search space and/or one UE-specific search
space. For example, a base station may not configure a UE
without a common search space on a PCell, or on a PSCell,
in an active DL BWP.

[0268] For an UL BWP in a set of one or more UL BWPs,
a base station may configure a UE with one or more resource
sets for one or more PUCCH transmissions.

[0269] Inan example, if a DCI comprises a BWP indicator
field, a BWP indicator field value may indicate an active DL
BWP, from a configured DL BWP set, for one or more DL
receptions. If a DCI comprises a BWP indicator field, a
BWP indicator field value may indicate an active UL BWP,
from a configured UL BWP set, for one or more UL
transmissions.

[0270] In an example, for a PCell, a base station may
semi-statistically configure a UE with a default DL. BWP
among configured DI, BWPs. If a UE is not provided a
default DL. BWP, a default BWP may be an initial active DL
BWP.

[0271] In an example, a base station may configure a UE
with a timer value for a PCell. For example, a UE may start
a timer, referred to as BWP inactivity timer, when a UE
detects a DCI indicating an active DL. BWP, other than a
default DI, BWP, for a paired spectrum operation or when a
UE detects a DCI indicating an active DL, BWP or UL BWP,
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other than a default DL, BWP or UL BWP, for an unpaired
spectrum operation. The UE may increment the timer by an
interval of a first value (e.g., the first value may be 1
millisecond or 0.5 milliseconds) if the UE does not detect a
DCI during the interval for a paired spectrum operation or
for an unpaired spectrum operation. In an example, the timer
may expire when the timer is equal to the timer value. A UE
may switch to the default DI, BWP from an active DL. BWP
when the timer expires.

[0272] Inan example, a base station may semi-statistically
configure a UE with one or more BWPs. A UE may switch
an active BWP from a first BWP to a second BWP in
response to receiving a DCI indicating the second BWP as
an active BWP and/or in response to an expiry of BWP
inactivity timer (for example, the second BWP may be a
default BWP). For example, FIG. 10 is an example diagram
of 3 BWPs configured, BWP1 (1010 and 1050), BWP2
(1020 and 1040), and BWP3 (1030). BWP2 (1020 and 1040)
may be a default BWP. BWP1 (1010) may be an initial
active BWP. In an example, a UE may switch an active BWP
from BWP1 1010 to BWP2 1020 in response to an expiry of
BWP inactivity timer. For example, a UE may switch an
active BWP from BWP2 1020 to BWP3 1030 in response to
receiving a DCI indicating BWP3 1030 as an active BWP.
Switching an active BWP from BWP3 1030 to BWP2 1040
and/or from BWP2 1040 to BWP1 1050 may be in response
to receiving a DCI indicating an active BWP and/or in
response to an expiry of BWP inactivity timer.

[0273] In an example, if a UE is configured for a second-
ary cell with a default DL BWP among configured DL BWPs
and a timer value, UE procedures on a secondary cell may
be same as on a primary cell using the timer value for the
secondary cell and the default DL, BWP for the secondary
cell.

[0274] In an example, if a base station configures a UE
with a first active DL BWP and a first active UL BWP on a
secondary cell or carrier, a UE may employ an indicated DL
BWP and an indicated UL BWP on a secondary cell as a
respective first active DL, BWP and first active UL BWP on
a secondary cell or carrier.

[0275] FIG. 11A and FIG. 11B show packet flows employ-
ing a multi connectivity (e.g. dual connectivity, multi con-
nectivity, tight interworking, and/or the like). FIG. 11A is an
example diagram of a protocol structure of a wireless device
110 (e.g. UE) with CA and/or multi connectivity as per an
aspect of an embodiment. FIG. 11B is an example diagram
of a protocol structure of multiple base stations with CA
and/or multi connectivity as per an aspect of an embodiment.
The multiple base stations may comprise a master node, MN
1130 (e.g. a master node, a master base station, a master
gNB, a master eNB, and/or the like) and a secondary node,
SN 1150 (e.g. a secondary node, a secondary base station, a
secondary gNB, a secondary eNB, and/or the like). A master
node 1130 and a secondary node 1150 may co-work to
communicate with a wireless device 110.

[0276] When multi connectivity is configured for a wire-
less device 110, the wireless device 110, which may support
multiple reception/transmission functions in an RRC con-
nected state, may be configured to utilize radio resources
provided by multiple schedulers of a multiple base stations.
Multiple base stations may be inter-connected via a non-
ideal or ideal backhaul (e.g. Xn interface, X2 interface,
and/or the like). A base station involved in multi connectiv-
ity for a certain wireless device may perform at least one of
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two different roles: a base station may either act as a master
base station or as a secondary base station. In multi con-
nectivity, a wireless device may be connected to one master
base station and one or more secondary base stations. In an
example, a master base station (e.g. the MN 1130) may
provide a master cell group (MCG) comprising a primary
cell and/or one or more secondary cells for a wireless device
(e.g. the wireless device 110). A secondary base station (e.g.
the SN 1150) may provide a secondary cell group (SCG)
comprising a primary secondary cell (PSCell) and/or one or
more secondary cells for a wireless device (e.g. the wireless
device 110).

[0277] In multi connectivity, a radio protocol architecture
that a bearer employs may depend on how a bearer is setup.
In an example, three different type of bearer setup options
may be supported: an MCG bearer, an SCG bearer, and/or a
split bearer. A wireless device may receive/transmit packets
of an MCG bearer via one or more cells of the MCG, and/or
may receive/transmits packets of an SCG bearer via one or
more cells of an SCG. Multi-connectivity may also be
described as having at least one bearer configured to use
radio resources provided by the secondary base station.
Multi-connectivity may or may not be configured/imple-
mented in some of the example embodiments.

[0278] In an example, a wireless device (e.g. Wireless
Device 110) may transmit and/or receive: packets of an
MCG bearer via an SDAP layer (e.g. SDAP 1110), a PDCP
layer (e.g. NR PDCP 1111), an RLC layer (e.g. MN RLC
1114), and a MAC layer (e.g. MN MAC 1118); packets of a
split bearer via an SDAP layer (e.g. SDAP 1110), a PDCP
layer (e.g. NR PDCP 1112), one of a master or secondary
RLC layer (e.g. MN RLC 1115, SN RLC 1116), and one of
a master or secondary MAC layer (e.g. MN MAC 1118, SN
MAC 1119); and/or packets of an SCG bearer via an SDAP
layer (e.g. SDAP 1110), a PDCP layer (e.g. NR PDCP 1113),
an RLC layer (e.g. SN RLC 1117), and a MAC layer (e.g.
MN MAC 1119).

[0279] In an example, a master base station (e.g. MN
1130) and/or a secondary base station (e.g. SN 1150) may
transmit/receive: packets of an MCG bearer via a master or
secondary node SDAP layer (e.g. SDAP 1120, SDAP 1140),
a master or secondary node PDCP layer (e.g. NR PDCP
1121, NR PDCP 1142), a master node RLC layer (e.g. MN
RLC 1124, MN RLC 1125), and a master node MAC layer
(e.g. MN MAC 1128); packets of an SCG bearer via a master
or secondary node SDAP layer (e.g. SDAP 1120, SDAP
1140), a master or secondary node PDCP layer (e.g. NR
PDCP 1122, NR PDCP 1143), a secondary node RL.C layer
(e.g. SN RLC 1146, SN RLC 1147), and a secondary node
MAC layer (e.g. SN MAC 1148); packets of a split bearer
via a master or secondary node SDAP layer (e.g. SDAP
1120, SDAP 1140), a master or secondary node PDCP layer
(e.g. NR PDCP 1123, NR PDCP 1141), a master or second-
ary node RLC layer (e.g. MN RLC 1126, SN RLC 1144, SN
RLC 1145, MN RLC 1127), and a master or secondary node
MAC layer (e.g. MN MAC 1128, SN MAC 1148).

[0280] In multi connectivity, a wireless device may con-
figure multiple MAC entities: one MAC entity (e.g. MN
MAC 1118) for a master base station, and other MAC
entities (e.g. SN MAC 1119) for a secondary base station. In
multi-connectivity, a configured set of serving cells for a
wireless device may comprise two subsets: an MCG com-
prising serving cells of a master base station, and SCGs
comprising serving cells of a secondary base station. For an
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SCG, one or more of following configurations may be
applied: at least one cell of an SCG has a configured UL CC
and at least one cell of a SCG, named as primary secondary
cell (PSCell, PCell of SCG, or sometimes called PCell), is
configured with PUCCH resources; when an SCG is con-
figured, there may be at least one SCG bearer or one Split
bearer; upon detection of a physical layer problem or a
random access problem on a PSCell, or a number of NR
RLC retransmissions has been reached associated with the
SCG, or upon detection of an access problem on a PSCell
during a SCG addition or a SCG change: an RRC connection
re-establishment procedure may not be triggered, UL trans-
missions towards cells of an SCG may be stopped, a master
base station may be informed by a wireless device of a SCG
failure type, for split bearer, a DL data transfer over a master
base station may be maintained; an NR RL.C acknowledged
mode (AM) bearer may be configured for a split bearer;
PCell and/or PSCell may not be de-activated; PSCell may be
changed with a SCG change procedure (e.g. with security
key change and a RACH procedure); and/or a bearer type
change between a split bearer and a SCG bearer or simul-
taneous configuration of a SCG and a split bearer may or
may not supported.

[0281] With respect to interaction between a master base
station and a secondary base stations for multi-connectivity,
one or more of the following may be applied: a master base
station and/or a secondary base station may maintain RRM
measurement configurations of a wireless device; a master
base station may (e.g. based on received measurement
reports, traffic conditions, and/or bearer types) may decide to
request a secondary base station to provide additional
resources (e.g. serving cells) for a wireless device; upon
receiving a request from a master base station, a secondary
base station may create/modify a container that may result in
configuration of additional serving cells for a wireless
device (or decide that the secondary base station has no
resource available to do so); for a UE capability coordina-
tion, a master base station may provide (a part of) an AS
configuration and UE capabilities to a secondary base sta-
tion; a master base station and a secondary base station may
exchange information about a UE configuration by employ-
ing of RRC containers (inter-node messages) carried via Xn
messages; a secondary base station may initiate a reconfigu-
ration of the secondary base station existing serving cells
(e.g. PUCCH towards the secondary base station); a sec-
ondary base station may decide which cell is a PSCell within
a SCG; a master base station may or may not change content
of RRC configurations provided by a secondary base station;
in case of a SCG addition and/or a SCG SCell addition, a
master base station may provide recent (or the latest) mea-
surement results for SCG cell(s); a master base station and
secondary base stations may receive information of SFN
and/or subframe offset of each other from OAM and/or via
an Xn interface, (e.g. for a purpose of DRX alignment and/or
identification of a measurement gap). In an example, when
adding a new SCG SCell, dedicated RRC signaling may be
used for sending required system information of a cell as for
CA, except for a SFN acquired from a MIB of a PSCell of
a SCG.

[0282] FIG. 12 is an example diagram of a random access
procedure. One or more events may trigger a random access
procedure. For example, one or more events may be at least
one of following: initial access from RRC_IDLE, RRC
connection re-establishment procedure, handover, DL or UL
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data arrival during RRC_CONNECTED when UL synchro-
nization status is non-synchronised, transition from RRC_
Inactive, and/or request for other system information. For
example, a PDCCH order, a MAC entity, and/or a beam
failure indication may initiate a random access procedure.

[0283] In an example embodiment, a random access pro-
cedure may be at least one of a contention based random
access procedure and a contention free random access
procedure. For example, a contention based random access
procedure may comprise, one or more Msg 1 1220 trans-
missions, one or more Msg2 1230 transmissions, one or
more Msg3 1240 transmissions, and contention resolution
1250. For example, a contention free random access proce-
dure may comprise one or more Msg 1 1220 transmissions
and one or more Msg2 1230 transmissions.

[0284] In an example, a base station may transmit (e.g.,
unicast, multicast, or broadcast), to a UE, a RACH configu-
ration 1210 via one or more beams. The RACH configura-
tion 1210 may comprise one or more parameters indicating
at least one of following: available set of PRACH resources
for a transmission of a random access preamble, initial
preamble power (e.g., random access preamble initial
received target power), an RSRP threshold for a selection of
a SS block and corresponding PRACH resource, a power-
ramping factor (e.g., random access preamble power ramp-
ing step), random access preamble index, a maximum num-
ber of preamble transmission, preamble group A and group
B, a threshold (e.g., message size) to determine the groups
of random access preambles, a set of one or more random
access preambles for system information request and corre-
sponding PRACH resource(s), if any, a set of one or more
random access preambles for beam failure recovery request
and corresponding PRACH resource(s), if any, a time win-
dow to monitor RA response(s), a time window to monitor
response(s) on beam failure recovery request, and/or a
contention resolution timer.

[0285] In an example, the Msgl 1220 may be one or more
transmissions of a random access preamble. For a contention
based random access procedure, a UE may select a SS block
with a RSRP above the RSRP threshold. If random access
preambles group B exists, a UE may select one or more
random access preambles from a group A or a group B
depending on a potential Msg3 1240 size. If a random access
preambles group B does not exist, a UE may select the one
or more random access preambles from a group A. A UE
may select a random access preamble index randomly (e.g.
with equal probability or a normal distribution) from one or
more random access preambles associated with a selected
group. If a base station semi-statistically configures a UE
with an association between random access preambles and
SS blocks, the UE may select a random access preamble
index randomly with equal probability from one or more
random access preambles associated with a selected SS
block and a selected group.

[0286] For example, a UE may initiate a contention free
random access procedure based on a beam failure indication
from a lower layer. For example, a base station may semi-
statistically configure a UE with one or more contention free
PRACH resources for beam failure recovery request asso-
ciated with at least one of SS blocks and/or CSI-RSs. If at
least one of SS blocks with a RSRP above a first RSRP
threshold amongst associated SS blocks or at least one of
CSI-RSs with a RSRP above a second RSRP threshold
amongst associated CSI-RSs is available, a UE may select a
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random access preamble index corresponding to a selected
SS block or CSI-RS from a set of one or more random access
preambles for beam failure recovery request.

[0287] For example, a UE may receive, from a base
station, a random access preamble index via PDCCH or
RRC for a contention free random access procedure. If a
base station does not configure a UE with at least one
contention free PRACH resource associated with SS blocks
or CSI-RS, the UE may select a random access preamble
index. If a base station configures a UE with one or more
contention free PRACH resources associated with SS blocks
and at least one SS block with a RSRP above a first RSRP
threshold amongst associated SS blocks is available, the UE
may select the at least one SS block and select a random
access preamble corresponding to the at least one SS block.
If a base station configures a UE with one or more conten-
tion free PRACH resources associated with CSI-RSs and at
least one CSI-RS with a RSRP above a second RSPR
threshold amongst the associated CSI-RSs is available, the
UE may select the at least one CSI-RS and select a random
access preamble corresponding to the at least one CSI-RS.

[0288] A UE may perform one or more Msgl 1220
transmissions by transmitting the selected random access
preamble. For example, if a UE selects an SS block and is
configured with an association between one or more
PRACH occasions and one or more SS blocks, the UE may
determine an PRACH occasion from one or more PRACH
occasions corresponding to a selected SS block. For
example, if a UE selects a CSI-RS and is configured with an
association between one or more PRACH occasions and one
or more CSI-RSs, the UE may determine a PRACH occasion
from one or more PRACH occasions corresponding to a
selected CSI-RS. A UE may transmit, to a base station, a
selected random access preamble via a selected PRACH
occasions. A UE may determine a transmit power for a
transmission of a selected random access preamble at least
based on an initial preamble power and a power-ramping
factor. A UE may determine a RA-RNTI associated with a
selected PRACH occasions in which a selected random
access preamble is transmitted. For example, a UE may not
determine a RA-RNTI for a beam failure recovery request.
A UE may determine an RA-RNTTI at least based on an index
of a first OFDM symbol and an index of a first slot of a
selected PRACH occasions, and/or an uplink carrier index
for a transmission of Msgl 1220.

[0289] In an example, a UE may receive, from a base
station, a random access response, Msg 2 1230. A UE may
start a time window (e.g., ra-ResponseWindow) to monitor
a random access response. For beam failure recovery
request, a base station may configure a UE with a different
time window (e.g., bfr-ResponseWindow) to monitor
response on beam failure recovery request. For example, a
UE may start a time window (e.g., ra-ResponseWindow or
bfr-ResponseWindow) at a start of a first PDCCH occasion
after a fixed duration of one or more symbols from an end
of a preamble transmission. If a UE transmits multiple
preambles, the UE may start a time window at a start of a
first PDCCH occasion after a fixed duration of one or more
symbols from an end of a first preamble transmission. A UE
may monitor a PDCCH of a cell for at least one random
access response identified by a RA-RNTI or for at least one
response to beam failure recovery request identified by a
C-RNTI while a timer for a time window is running.
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[0290] In an example, a UE may consider a reception of
random access response successful if at least one random
access response comprises a random access preamble iden-
tifier corresponding to a random access preamble transmit-
ted by the UE. A UE may consider the contention free
random access procedure successfully completed if a recep-
tion of random access response is successful. If a contention
free random access procedure is triggered for a beam failure
recovery request, a UE may consider a contention free
random access procedure successfully complete if a PDCCH
transmission is addressed to a C-RNTIL. In an example, if at
least one random access response comprises a random
access preamble identifier, a UE may consider the random
access procedure successfully completed and may indicate a
reception of an acknowledgement for a system information
request to upper layers. If a UE has signaled multiple
preamble transmissions, the UE may stop transmitting
remaining preambles (if any) in response to a successful
reception of a corresponding random access response.

[0291] Inanexample, a UE may perform one or more Msg
3 1240 transmissions in response to a successful reception of
random access response (e.g., for a contention based random
access procedure). A UE may adjust an uplink transmission
timing based on a timing advanced command indicated by a
random access response and may transmit one or more
transport blocks based on an uplink grant indicated by a
random access response. Subcarrier spacing for PUSCH
transmission for Msg3 1240 may be provided by at least one
higher layer (e.g. RRC) parameter. A UE may transmit a
random access preamble via PRACH and Msg3 1240 via
PUSCH on a same cell. A base station may indicate an UL
BWP for a PUSCH transmission of Msg3 1240 via system
information block. A UE may employ HARQ for a retrans-
mission of Msg 3 1240.

[0292] In an example, multiple UEs may perform Msg 1
1220 by transmitting a same preamble to a base station and
receive, from the base station, a same random access
response comprising an identity (e.g., TC-RNTI). Conten-
tion resolution 1250 may ensure that a UE does not incor-
rectly use an identity of another UE. For example, conten-
tion resolution 1250 may be based on C-RNTI on PDCCH
or a UE contention resolution identity on DL-SCH. For
example, if a base station assigns a C-RNTI to a UE, the UE
may perform contention resolution 1250 based on a recep-
tion of a PDCCH transmission that is addressed to the
C-RNTT. In response to detection of a C-RNTI on a PDCCH,
a UE may consider contention resolution 1250 successful
and may consider a random access procedure successfully
completed. If a UE has no valid C-RNTI, a contention
resolution may be addressed by employing a TC-RNTI. For
example, if a MAC PDU is successfully decoded and a
MAC PDU comprises a UE contention resolution identity
MAC CE that matches the CCCH SDU transmitted in Msg3
1250, a UE may consider the contention resolution 1250
successful and may consider the random access procedure
successfully completed.

[0293] FIG. 13 is an example structure for MAC entities
as per an aspect of an embodiment. In an example, a wireless
device may be configured to operate in a multi-connectivity
mode. A wireless device in RRC_CONNECTED with mul-
tiple RX/TX may be configured to utilize radio resources
provided by multiple schedulers located in a plurality of
base stations. The plurality of base stations may be con-
nected via a non-ideal or ideal backhaul over the Xn
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interface. In an example, a base station in a plurality of base
stations may act as a master base station or as a secondary
base station. A wireless device may be connected to one
master base station and one or more secondary base stations.
A wireless device may be configured with multiple MAC
entities, e.g. one MAC entity for master base station, and one
or more other MAC entities for secondary base station(s). In
an example, a configured set of serving cells for a wireless
device may comprise two subsets: an MCG comprising
serving cells of a master base station, and one or more SCGs
comprising serving cells of a secondary base station(s). FIG.
13 illustrates an example structure for MAC entities when
MCG and SCG are configured for a wireless device.
[0294] Inan example, at least one cell in a SCG may have
a configured UL CC, wherein a cell of at least one cell may
be called PSCell or PCell of SCG, or sometimes may be
simply called PCell. A PSCell may be configured with
PUCCH resources. In an example, when a SCG is config-
ured, there may be at least one SCG bearer or one split
bearer. In an example, upon detection of a physical layer
problem or a random access problem on a PSCell, or upon
reaching a number of RLC retransmissions associated with
the SCG, or upon detection of an access problem on a PSCell
during a SCG addition or a SCG change: an RRC connection
re-establishment procedure may not be triggered, UL trans-
missions towards cells of an SCG may be stopped, a master
base station may be informed by a UE of a SCG failure type
and DL data transfer over a master base station may be
maintained.

[0295] In an example, a MAC sublayer may provide
services such as data transfer and radio resource allocation
to upper layers (e.g. 1310 or 1320). A MAC sublayer may
comprise a plurality of MAC entities (e.g. 1350 and 1360).
A MAC sublayer may provide data transfer services on
logical channels. To accommodate different kinds of data
transfer services, multiple types of logical channels may be
defined. A logical channel may support transfer of a par-
ticular type of information. A logical channel type may be
defined by what type of information (e.g., control or data) is
transferred. For example, BCCH, PCCH, CCCH and DCCH
may be control channels and DTCH may be a traffic channel.
In an example, a first MAC entity (e.g. 1310) may provide
services on PCCH, BCCH, CCCH, DCCH, DTCH and
MAC control elements. In an example, a second MAC entity
(e.g. 1320) may provide services on BCCH, DCCH, DTCH
and MAC control elements.

[0296] A MAC sublayer may expect from a physical layer
(e.g. 1330 or 1340) services such as data transfer services,
signaling of HARQ feedback, signaling of scheduling
request or measurements (e.g. CQI). In an example, in dual
connectivity, two MAC entities may be configured for a
wireless device: one for MCG and one for SCG. A MAC
entity of wireless device may handle a plurality of transport
channels. In an example, a first MAC entity may handle first
transport channels comprising a PCCH of MCG, a first BCH
of MCG, one or more first DL-SCHs of MCG, one or more
first UL-SCHs of MCG and one or more first RACHs of
MCG. In an example, a second MAC entity may handle
second transport channels comprising a second BCH of
SCG, one or more second DL-SCHs of SCG, one or more
second UL-SCHs of SCG and one or more second RACHs
of SCG.

[0297] In an example, if a MAC entity is configured with
one or more SCells, there may be multiple DL-SCHs and
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there may be multiple UL-SCHs as well as multiple RACHs
per MAC entity. In an example, there may be one DL-SCH
and UL-SCH on a SpCell. In an example, there may be one
DL-SCH, zero or one UL-SCH and zero or one RACH for
an SCell. A DL-SCH may support receptions using different
numerologies and/or TTI duration within a MAC entity. A
UL-SCH may also support transmissions using different
numerologies and/or TTI duration within the MAC entity.
[0298] In an example, a MAC sublayer may support
different functions and may control these functions with a
control (e.g. 1355 or 1365) element. Functions performed by
a MAC entity may comprise mapping between logical
channels and transport channels (e.g., in uplink or down-
link), multiplexing (e.g. 1352 or 1362) of MAC SDUs from
one or different logical channels onto transport blocks (TB)
to be delivered to the physical layer on transport channels
(e.g., in uplink), demultiplexing (e.g. 1352 or 1362) of MAC
SDUs to one or different logical channels from transport
blocks (TB) delivered from the physical layer on transport
channels (e.g., in downlink), scheduling information report-
ing (e.g., in uplink), error correction through HARQ in
uplink or downlink (e.g. 1363), and logical channel priori-
tization in uplink (e.g. 1351 or 1361). A MAC entity may
handle a random access process (e.g. 1354 or 1364).
[0299] FIG. 14 is an example diagram of a RAN archi-
tecture comprising one or more base stations. In an example,
a protocol stack (e.g. RRC, SDAP, PDCP, RLC, MAC, and
PHY) may be supported at a node. A base station (e.g. gNB
120A or 120B) may comprise a base station central unit
(CU) (e.g. gNB-CU 1420A or 1420B) and at least one base
station distributed unit (DU) (e.g. gNB-DU 1430A, 1430B,
1430C, or 1430D) if a functional split is configured. Upper
protocol layers of a base station may be located in a base
station CU, and lower layers of the base station may be
located in the base station DUs. An F1 interface (e.g.
CU-DU interface) connecting a base station CU and base
station DUs may be an ideal or non-ideal backhaul. F1-C
may provide a control plane connection over an F1 interface,
and F1-U may provide a user plane connection over the F1
interface. In an example, an Xn interface may be configured
between base station CUs.

[0300] In an example, a base station CU may comprise an
RRC function, an SDAP layer, and a PDCP layer, and base
station DUs may comprise an RLC layer, a MAC layer, and
a PHY layer. In an example, various functional split options
between a base station CU and base station DUs may be
possible by locating different combinations of upper proto-
col layers (RAN functions) in a base station CU and different
combinations of lower protocol layers (RAN functions) in
base station DUs. A functional split may support flexibility
to move protocol layers between a base station CU and base
station DUs depending on service requirements and/or net-
work environments.

[0301] In an example, functional split options may be
configured per base station, per base station CU, per base
station DU, per UE, per bearer, per slice, or with other
granularities. In per base station CU split, a base station CU
may have a fixed split option, and base station DUs may be
configured to match a split option of a base station CU. In
per base station DU split, a base station DU may be
configured with a different split option, and a base station
CU may provide different split options for different base
station DUs. In per UE split, a base station (base station CU
and at least one base station DUs) may provide different split
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options for different wireless devices. In per bearer split,
different split options may be utilized for different bearers.
In per slice splice, different split options may be applied for
different slices.

[0302] FIG. 15 is an example diagram showing RRC state
transitions of a wireless device. In an example, a wireless
device may be in at least one RRC state among an RRC
connected state (e.g. RRC Connected 1530, RRC_Con-
nected), an RRC idle state (e.g. RRC Idle 1510, RRC_Idle),
and/or an RRC inactive state (e.g. RRC Inactive 1520,
RRC_Inactive). In an example, in an RRC connected state,
a wireless device may have at least one RRC connection
with at least one base station (e.g. gNB and/or eNB), which
may have a UE context of the wireless device. A UE context
(e.g. a wireless device context) may comprise at least one of
an access stratum context, one or more radio link configu-
ration parameters, bearer (e.g. data radio bearer (DRB),
signaling radio bearer (SRB), logical channel, QoS flow,
PDU session, and/or the like) configuration information,
security information, PHY/MAC/RLC/PDCP/SDAP layer
configuration information, and/or the like configuration
information for a wireless device. In an example, in an RRC
idle state, a wireless device may not have an RRC connec-
tion with a base station, and a UE context of a wireless
device may not be stored in a base station. In an example, in
an RRC inactive state, a wireless device may not have an
RRC connection with a base station. A UE context of a
wireless device may be stored in a base station, which may
be called as an anchor base station (e.g. last serving base
station).

[0303] In an example, a wireless device may transition a
UE RRC state between an RRC idle state and an RRC
connected state in both ways (e.g. connection release 1540
or connection establishment 1550; or connection reestab-
lishment) and/or between an RRC inactive state and an RRC
connected state in both ways (e.g. connection inactivation
1570 or connection resume 1580). In an example, a wireless
device may transition its RRC state from an RRC inactive
state to an RRC idle state (e.g. connection release 1560).
[0304] In an example, an anchor base station may be a
base station that may keep a UE context (a wireless device
context) of a wireless device at least during a time period
that a wireless device stays in a RAN notification area
(RNA) of an anchor base station, and/or that a wireless
device stays in an RRC inactive state. In an example, an
anchor base station may be a base station that a wireless
device in an RRC inactive state was lastly connected to in a
latest RRC connected state or that a wireless device lastly
performed an RNA update procedure in. In an example, an
RNA may comprise one or more cells operated by one or
more base stations. In an example, a base station may belong
to one or more RNAs. In an example, a cell may belong to
one or more RNAs.

[0305] In an example, a wireless device may transition a
UE RRC state from an RRC connected state to an RRC
inactive state in a base station. A wireless device may
receive RNA information from the base station. RNA infor-
mation may comprise at least one of an RNA identifier, one
or more cell identifiers of one or more cells of an RNA, a
base station identifier, an IP address of the base station, an
AS context identifier of the wireless device, a resume
identifier, and/or the like.

[0306] In an example, an anchor base station may broad-
cast a message (e.g. RAN paging message) to base stations
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of an RNA to reach to a wireless device in an RRC inactive
state, and/or the base stations receiving the message from the
anchor base station may broadcast and/or multicast another
message (e.g. paging message) to wireless devices in their
coverage area, cell coverage area, and/or beam coverage
area associated with the RNA through an air interface.
[0307] In an example, when a wireless device in an RRC
inactive state moves into a new RNA, the wireless device
may perform an RNA update (RNAU) procedure, which
may comprise a random access procedure by the wireless
device and/or a UE context retrieve procedure. A UE context
retrieve may comprise: receiving, by a base station from a
wireless device, a random access preamble; and fetching, by
a base station, a UE context of the wireless device from an
old anchor base station. Fetching may comprise: sending a
retrieve UE context request message comprising a resume
identifier to the old anchor base station and receiving a
retrieve UE context response message comprising the UE
context of the wireless device from the old anchor base
station.

[0308] Inanexample embodiment, a wireless device in an
RRC inactive state may select a cell to camp on based on at
least a on measurement results for one or more cells, a cell
where a wireless device may monitor an RNA paging
message and/or a core network paging message from a base
station. In an example, a wireless device in an RRC inactive
state may select a cell to perform a random access procedure
to resume an RRC connection and/or to transmit one or more
packets to a base station (e.g. to a network). In an example,
if a cell selected belongs to a different RNA from an RNA
for a wireless device in an RRC inactive state, the wireless
device may initiate a random access procedure to perform an
RNA update procedure. In an example, if a wireless device
in an RRC inactive state has one or more packets, in a buffer,
to transmit to a network, the wireless device may initiate a
random access procedure to transmit one or more packets to
a base station of a cell that the wireless device selects. A
random access procedure may be performed with two mes-
sages (e.g. 2 stage random access) and/or four messages
(e.g. 4 stage random access) between the wireless device and
the base station.

[0309] In an example embodiment, a base station receiv-
ing one or more uplink packets from a wireless device in an
RRC inactive state may fetch a UE context of a wireless
device by transmitting a retrieve UE context request mes-
sage for the wireless device to an anchor base station of the
wireless device based on at least one of an AS context
identifier, an RNA identifier, a base station identifier, a
resume identifier, and/or a cell identifier received from the
wireless device. In response to fetching a UE context, a base
station may transmit a path switch request for a wireless
device to a core network entity (e.g. AMF, MME, and/or the
like). A core network entity may update a downlink tunnel
endpoint identifier for one or more bearers established for
the wireless device between a user plane core network entity
(e.g. UPF, S-GW, and/or the like) and a RAN node (e.g. the
base station), e.g. changing a downlink tunnel endpoint
identifier from an address of the anchor base station to an
address of the base station.

[0310] A gNB may communicate with a wireless device
via a wireless network employing one or more new radio
technologies. The one or more radio technologies may
comprise at least one of: multiple technologies related to
physical layer; multiple technologies related to medium
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access control layer; and/or multiple technologies related to
radio resource control layer. Example embodiments of
enhancing the one or more radio technologies may improve
performance of a wireless network. Example embodiments
may increase the system throughput, or data rate of trans-
mission. Example embodiments may reduce battery con-
sumption of a wireless device. Example embodiments may
improve latency of data transmission between a gNB and a
wireless device. Example embodiments may improve net-
work coverage of a wireless network. Example embodi-
ments may improve transmission efficiency of a wireless
network.

[0311] Example Downlink Control Information (DCI)
[0312] In an example, a gNB may transmit a DCI via a
PDCCH for at least one of: scheduling assignment/grant;
slot format notification; pre-emption indication; and/or
power-control commends. More specifically, the DCI may
comprise at least one of: identifier of a DCI format; down-
link scheduling assignment(s); uplink scheduling grant(s);
slot format indicator; pre-emption indication; power-control
for PUCCH/PUSCH; and/or power-control for SRS.
[0313] In an example, a downlink scheduling assignment
DCI may comprise parameters indicating at least one of:
identifier of a DCI format, PDSCH resource indication;
transport format; HARQ information; control information
related to multiple antenna schemes; and/or a command for
power control of the PUCCH.

[0314] In an example, an uplink scheduling grant DCI
may comprise parameters indicating at least one of: identi-
fier of a DCI format; PUSCH resource indication; transport
format; HARQ related information; and/or a power control
command of the PUSCH.

[0315] In an example, a wireless device may monitor one
or more PDCCH for detecting one or more DCI with one or
more DCI format, in common search space or wireless
device-specific search space. In an example, a wireless
device may monitor PDCCH with a limited set of DCI
format, to save power consumption. The more DCI format
to be detected, the more power be consumed at the wireless
device.

[0316] In an example, the information in the DCI formats
for downlink scheduling may comprise at least one of:
identifier of a DCI format; carrier indicator; frequency
domain resource assignment; time domain resource assign-
ment; bandwidth part indicator; HARQ process number; one
or more MCS; one or more NDI; one or more RV; MIMO
related information; Downlink assignment index (DAI);
PUCCH resource indicator; PDSCH-to-HARQ_feedback
timing indicator; TPC for PUCCH; SRS request; and pad-
ding if necessary. In an example, the MIMO related infor-
mation may comprise at least one of: PMI; precoding
information; transport block swap flag; power offset
between PDSCH and reference signal; reference-signal
scrambling sequence; number of layers; and/or antenna ports
for the transmission; and/or Transmission Configuration
Indication (TCI).

[0317] In an example, the information in the DCI formats
used for uplink scheduling may comprise at least one of: an
identifier of a DCI format; carrier indicator; bandwidth part
indication; resource allocation type; frequency domain
resource assignment; time domain resource assignment;
MCS; NDI; Phase rotation of the uplink DMRS; precoding
information; CSI request; SRS request; Uplink index/DAI;
TPC for PUSCH; and/or padding if necessary.



US 2021/0410200 A1

[0318] In an example, a gNB may perform CRC scram-
bling for a DCI, before transmitting the DCI via a PDCCH.
The gNB may perform CRC scrambling by binary addition
of multiple bits of at least one wireless device identifier (e.g.,
C-RNTI, CS-RNTI, TPC-CS-RNTI, TPC-PUCCH-RNTI,
TPC-PUSCH-RNTI, SP CSI C-RNTI, or TPC-SRS-RNTI)
and the CRC bits of the DCI. The wireless device may check
the CRC bits of the DCI, when detecting the DCI. The
wireless device may receive the DCI when the CRC is
scrambled by a sequence of bits that is the same as the at
least one wireless device identifier.

[0319] In an example, in order to support wide bandwidth
operation, a gNB may transmit one or more PDCCH in
different control resource sets (coresets). A gNB may trans-
mit one or more RRC message comprising configuration
parameters of one or more coresets. A coreset may comprise
at least one of: a first OFDM symbol; a number of consecu-
tive OFDM symbols; a set of resource blocks; a CCE-to-
REG mapping. In an example, a gNB may transmit a
PDCCH in a dedicated coreset for particular purpose, for
example, for beam failure recovery confirmation.

[0320] Example of 2-Step RACH Procedure

[0321] Random access (RA) procedures may be used to
establish communications between a wireless device and a
base station in a cell. A four-step RA procedure in FIG. 12
may have an associated latency, e.g., which may be a
minimum of fourteen transmission time intervals (TTI).
Reducing the number of steps in an RA procedure may
reduce latency. By using parallel transmissions, a four-step
RA procedure may be reduced to a two-step RA procedure.
A two-step RA procedure may have an associated latency,
e.g., which may be a minimum of four TTIs and which may
be less than an associated latency for a four-step RA
procedure.

[0322] FIG. 16 is an example of a two-step RA procedure
that may comprise an uplink (UL) transmission of a two-step
Msg]l that may comprise a random access preamble (RAP)
transmission and one or more transport blocks transmission,
followed by a downlink (DL) transmission of a two-step
Msg2 that may comprise a response, e.g., random access
response (RAR), corresponding to the uplink transmission.
The response may comprise contention resolution informa-
tion. For example, the two-step Msgl may be also referred
to as a message A (MsgA). For example, the two-step Msg2
may be also referred to as a message B (MsgB).

[0323] A base station may transmit one or more RRC
messages to configure a wireless device with one or more
parameters of two step RACH configuration. The one or
more RRC messages may broadcast or multicast to one or
more wireless devices. The one or more RRC messages may
be wireless device-specific messages, e.g., a dedicated RRC
message transmitted to a wireless device with RRC INAC-
TIVE 1520 or RRC CONNECTED 1530. The one or more
RRC messages may comprise parameters required for trans-
mitting a two-step Msgl in FIG. 16. For example, the
parameter may indicate at least one of following: PRACH
resource allocation, preamble format, SSB information (e.g.,
total number of SSBs, downlink resource allocation of SSB
transmission, transmission power of SSB transmission, and/
or other information), and uplink radio resources for one or
more transport block transmissions.

[0324] Inthe UL transmission of a two-step RA procedure,
a wireless device may transmit, via a cell and to a base
station, a RAP for UL time alignment and/or one or more
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transport blocks (e.g., delay-sensitive data, wireless device
1D, security information, device information such as IMSI,
and/or other information). In the DL transmission of the
two-step RA procedure, a base station may transmit a
two-step Msg?2 (e.g., an RAR) that may comprise at least one
of following: a timing advance command indicating the TA
value, a power control command, an UL grant (or RAR UL
grant), a wireless device ID for contention resolution, an
RNTTI (e.g., C-RNTI or TC-RNTI), and/or other informa-
tion. The two-step Msg2 (e.g., an RAR) may comprise a
preamble identifier corresponding to the preamble, a posi-
tive or negative acknowledgement of a reception of the one
or more transport blocks, and/or an indication of a successful
decoding of the one or more transport blocks. Atwo-step RA
procedure may reduce RA latency compared with a four-step
RA procedure, e.g., by integrating a random access preamble
transmission (e.g., a process to obtain a timing advance
value) with one or more transport block transmissions.

[0325] Inthe UL transmission of a two-step RA procedure,
a wireless device may transmit, via a cell and to a base
station, a RAP in parallel with one or more TBs. The
wireless device may acquire one or more configuration
parameters for the UL transmission before the wireless
device starts a two-step RA procedure. For example, the one
or more configuration parameters may indicate at least one
of following: PRACH resource allocation, preamble format,
SSB information (e.g., a number of transmitting SSBs,
downlink resource allocation of SSB transmissions, trans-
mission power of SSB transmission, and/or other informa-
tion), uplink radio resources (in terms of time, frequency,
code/sequence/signature) for one or more transport block
transmissions, and power control parameters of one or more
TB transmissions (e.g., cell and/or UE specific power adjust-
ments used for calculating received target power, inter-cell
interference control parameter that may be used as a scaling
factor of pathloss measurement, reference signal power to
calculate for pathloss measurement, and/or one or more
margins).

[0326] In atwo-step RA procedure, a wireless device may
transmit the RAP via a RACH resource indicated by a
two-step RACH configuration. The wireless device may
transmit one or more TBs via an UL radio resource indicated
by a two-step RACH configuration. The transmission of the
RAP may be overlapped in time (partially or entirely) with
the transmission of the one or more TBs. The two-step
RACH configuration may indicate a portion of overlapping
of radio resources between the RAP and one or more TB
transmissions. The two-step RACH configuration may indi-
cate one or more UL radio resources associated with one or
more RAPs (or RAP groups) and/or the RACH resource. For
example, based on a selection of an RAP, an RAP group,
and/or an RACH resource, a wireless device may determine
at least one UL radio resource where the wireless device
transmits one or more TBs as a part of a two-step RACH
procedure. The one or more UL radio resources may be
indicated based on a frame structure in FIG. 6, and/or
OFDM radio structure in FIG. 8, e.g., with respect to an SFN
(SNR=0), slot number, and/or OFDM symbol number for a
time domain radio resource, and/or with respect to a sub-
carrier number, a number of resource elements, a number of
resource blocks, RBG number, and/or frequency index for a
frequency domain radio resource. For example, the one or
more UL radio resources may be indicated based on a time
offset and/or a frequency offset with respect to one or more
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RACH resources of a selected RAP. The UL transmissions
may occur, e.g., in the same subframe (or slot/mini-slot), in
consecutive subframes (or slot/mini-slot), or in the same
burst.

[0327] For example, a PRACH resource and one or more
associated UL radio resources for a two-step Msgl may be
allocated with a time offset and/or frequency offset, e.g.,
provided by RRC messages (as a part of RACH config.)
and/or predefined (e.g., as a mapping table). FIG. 17A, FIG.
17B, and FIG. 17C are examples of radio resource alloca-
tions of a PRACH resource and one or more associated UL
radio resources based on a time offset, a frequency offset,
and a combination of a time offset and a frequency offset,
respectively. The examples in FIG. 17A, FIG. 17B, and FIG.
17C may be a case of a PRACH resource and a UL radio
resource where a single SSB transmission is configured. The
examples may be a case of a PRACH resource and a UL
radio resource associated with a first SSB transmission of
one or more SSB transmissions.

[0328] Inan example, a base station may employ the RAP
to adjust UL transmission time for a cell and/or to aid in
channel estimation for one or more TBs. A portion of the UL
transmission for one or more TBs in a two-step RACH
procedure may comprise, e.g., a wireless device ID, a
C-RNTI, a service request such as buffer state reporting
(e.g., a buffer status report) (BSR), one or more user data
packets, and/or other information. A wireless device in an
RRC CONNECTED state may use a C-RNTI as an identifier
of'the wireless device (e.g., a wireless device 1D). A wireless
device in an RRC INACTIVE state may use a C-RNTT (if
available), a resume ID, or a short MAC-ID as an identifier
of the wireless device. A wireless device in an RRC IDLE
state may use a C-RNTI (if available), a resume 1D, a short
MACID, an IMSI (International Mobile Subscriber Identi-
fier), a T-IMSI (Temporary-IMSI), and/or a random number
as an identifier of the wireless device.

[0329] In a two-step RACH procedure, the UL transmis-
sion may comprise one or more TBs that may be transmitted
in one or more ways. One or more transport blocks may be
multiplexed with an RAP transmission in time and/or fre-
quency domains. A base station may configure one or more
resources reserved for the UL transmission that may be
indicated to a wireless device before the UL transmission. If
a wireless device transmits one or more TBs in a two-step
Msgl of a two-step RA procedure, a base station may
transmit in a two-step Msg2 (e.g., an RAR) that may
comprise a contention resolution message and/or an
acknowledgement (ACK or NACK) message of the one or
more TBs. A wireless device may transmit one or more
second TBs after the reception of an RAR. The wireless
device may transmit an indicator, such as buffer state report-
ing, in a two-step Msgl of a two-step RA procedure. The
indicator may indicate to a base station an amount of data the
wireless device to transmit and/or an amount of data remains
in a buffer. The base station may determine a UL grant based
on the indicator. The base station may transmit the UL grant
to the wireless device via an RAR.

[0330] In atwo-step/RA procedure, a wireless device may
receive two separate responses; a first response for RAP
transmission; and a second response for one or more TB
transmission. A wireless device may monitor a common
search space to detect the first response with a random
access RNTI generated based on time and frequency indices
of PRACH resource where the wireless device transmits an
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RAP. A wireless device may monitor a common search space
and/or a wireless device specific search space to detect the
second response. To detect the second response, the wireless
device may employ a C-RNTI (e.g., if configured) or a
random access RNTI generated based on time and frequency
indices of PRACH resource where the wireless device
transmits an RAP. The wireless device specific search space
may be predefined and/or configured by an RRC message.
[0331] Atwo-step RA procedure may be initiated based on
one or more case-based procedures, services, or radio con-
ditions. For example, if a cell is small such that there may
be no need for a TA, a base station in the cell may configure
one or more wireless devices under its coverage to use a
two-step RA procedure. A wireless device may acquire the
configuration, via one or more RRC messages (e.g., system
information blocks, multicast and/or unicast RRC signal-
ing), and/or via L1 control signaling (e.g., PDCCH order)
used to initiate a two-step RA procedure.

[0332] For example, in a macro coverage area, a wireless
device may have a stored and/or persisted TA value, e.g., a
stationary or near stationary wireless device such as a
sensor-type wireless device. In this case a two-step RA
procedure may be initiated. A base station having macro
coverage may use broadcasting and/or dedicated signaling to
configure a two-step RA procedure with one or more wire-
less devices having stored and/or persisted TA values under
the coverage.

[0333] A wireless device in an RRC connected state may
perform a two-step RA procedure. For example, the two-step
RA procedure may be initiated when a wireless device
performs a handover (e.g., network-initiated handover), and/
or when the wireless device requires or requests a UL grant
for a transmission of delay-sensitive data and there are no
physical-layer uplink control channel resources available to
transmit a scheduling request. A wireless device in an RRC
INACTIVE state may perform a two-step RA procedure,
e.g., for a small data transmission while remaining in the
RRC INACTIVE state or for resuming a connection. A
wireless device may initiate a two-step RA procedure, for
example, for initial access such as establishing a radio link,
re-establishment of a radio link, handover, establishment of
UL synchronization, and/or a scheduling request when there
is no UL grant.

[0334] The following description presents one or more
examples of a RACH procedure. The procedures and/or
parameters described in the following may not be limited to
a specific RA procedure. The procedures and/or parameters
described in the following may be applied for a four-step RA
procedure and/or a two-step RA procedure. For example, a
RA procedure may refer to a four-step RA procedure and/or
a two-step RA procedure in the following description.
[0335] Example of RACH Procedure

[0336] In an example, a base station may transmit, to a
wireless device, one or more messages indicating random
access parameters of a four-step random access procedure in
FIG. 12 and/or a two-step random access procedure in FIG.
16. For example, the one or more messages may be broad-
cast RRC message, wireless device specific RRC message,
and/or combination thereof. For example, the one or more
message may comprise at least one of RACH-ConfigCom-
mon, RACH-ConfigGeneric, and RACH-ConfigDedicated.
For example, for a contention based (four-step and/or a
two-step) random access procedure, a wireless device may
receive, from a base station, at least RACH-ConfigCommon
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and RACH-ConfigGeneric. For example, for a contention
free (four-step and/or a two-step) random access procedure,
a wireless device may receive, from a base station, at least
RACH-ConfigDedicated.

[0337] For example, a random access procedure may be
initiated in one or more ways based at least on one of
RACH-ConfigCommon, RACH-ConfigGeneric, and
RACH-ConfigDedicated. For example, a random access
procedure may be initiated by a PDCCH order transmitted
by a base station, by the MAC entity of a wireless device, or
by RRC. There may be one random access procedure
ongoing at any point in time in a MAC entity. A random
access procedure on an SCell may be initiated by a PDCCH
order with ra-Preamblelndex different from a first index
(that may be predefined or configured e.g., Ob000000). For
example, if the MAC entity of a wireless device receives a
request for a random access procedure while another is
already ongoing in the MAC entity, a wireless device may
continue with the ongoing procedure or start with the new
procedure (e.g. for SI request).
[0338] In an example, a base station may transmit one or
more RRC message to configure a wireless device at least
one of following parameters for a random access procedure:
prach-Configlndex: the available set of PRACH occasions
for the transmission of the Random Access Preamble;
[0339] preambleReceivedTargetPower: initial Random
Access Preamble power;

[0340] rsrp-ThresholdSSB: an RSRP threshold for the
selection of the SSB and corresponding Random
Access Preamble and/or PRACH occasion. If the Ran-
dom Access procedure is initiated for beam failure
recovery, rsrp-ThresholdSSB refers to rsrp-Threshold-
SSB inBeamFailureRecoveryConfig IE;

[0341] rsrp-ThresholdCSI-RS: an RSRP threshold for
the selection of CSI-RS and corresponding Random
Access Preamble and/or PRACH occasion. If the Ran-
dom Access procedure is initiated for beam failure
recovery, rsrp-ThresholdCSI-RS shall be set to a value
calculated by multiplying rsrp-ThresholdSSB in
BeamFailureRecoveryConfiglE by powerControlOff-
set; rsrp-ThresholdSSB-SUL: an RSRP threshold for
the selection between the NUL carrier and the SUL
carrier;

[0342] powerControlOffset: a power offset between
rsrp-ThresholdSSB and rsrp-ThresholdCSI-RS to be
employed when the Random Access procedure is ini-
tiated for beam failure recovery; powerRampingStep:
the power-ramping factor;

[0343] powerRampingStepHighPriority: the power-
ramping factor in case of differentiated Random Access
procedure

[0344] ra-Preamblelndex: an index of Random Access
Preamble;

[0345] ra-ssb-OccasionMaskIndex: defines PRACH
occasion(s) associated with an SSB in which the MAC
entity may transmit a Random Access Preamble;

[0346] ra-Occasionlist: defines PRACH occasion(s)
associated with a CSI-RS in which the MAC entity may
transmit a Random Access Preamble;

[0347] preambleTransMax: the maximum number of

Random Access Preamble transmission ssb-perRACH-
OccasionAndCB-PreamblesPerSSB: defines the num-
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ber of SSBs mapped to each PRACH occasion and the
number of Random Access Preambles mapped to each
SSB;

[0348] the set of Random Access Preambles and/or
PRACH occasions for SI request, if any; the set of
Random Access Preambles and/or PRACH occasions
for beam failure recovery request, if any;

[0349] ra-ResponseWindow: the time window to moni-
tor RA response(s);

[0350] ra-ContentionResolutionTimer: the Contention
Resolution Timer.

[0351] In an example, a random access procedure may be
initiated for beam failure detection and recovery. For
example, a wireless device may be configured by RRC with
a beam failure recovery procedure which may be employed
for indicating to the serving base station of a SSB or CSI-RS
when beam failure is detected on the serving SSB(s)/CSI-
RS(s). Beam failure may be detected by counting one or
more beam failure instance indication from the lower layers
to the MAC entity. For example, a base station may con-
figure, via RRC, the following parameters in the BeamFail-
ureRecoveryConfig for the Beam Failure Detection and
Recovery procedure:

[0352] beamFailurelnstanceMaxCount for the beam
failure detection;

[0353] beamFailureDetectionTimer for the beam failure
detection;
[0354] beamFailureRecoveryTimer for the beam failure

recovery procedure;

[0355] rsrp-ThresholdSSB: an RSRP threshold for the
beam failure recovery;

[0356] powerRampingStep: powerRampingStep for the
beam failure recovery;

[0357] preambleReceivedTargetPower:  preambleRe-
ceivedTargetPower for the beam failure recovery;

[0358] preambleTransMax: preambleTransMax for the
beam failure recovery;

[0359] ra-ResponseWindow: the time window to moni-
tor response(s) for the beam failure recovery using
contention-free Random Access Preamble;

[0360] prach-Configindex: prach-Configlndex for the
beam failure recovery;

[0361] ra-ssb-OccasionMaskIndex: ra-ssh-Occasion-
MaskIndex for the beam failure recovery;

[0362] ra-OccasionList: ra-OccasionList for the beam
failure recovery.

[0363] In an example, a wireless device may employ one
or more parameters for a random access procedure. For
example, a wireless device may employ at least one of
PREAMBLE_INDEX; PREAMBLE_TRANSMISSION _
COUNTER; PREAMBLE_POWER_RAMPING_COUN-
TER; PREAMBLE_POWER_RAMPING_STEP; PREAM-
BLE_RECEIVED_TARGET_POWER; PREAMBLE_
BACKOFF; PCMAX; SCALING_FACTOR_BI; and
TEMPORARY_C-RNTIL.

[0364] In an example, a wireless device may perform
random access resource selection for selecting one or more
preambles and one or more PRACH occasion (or resources
comprising time, frequency, and/or code). For example,
there may be one or more cases that a random access
procedure may be initiated for beam failure recovery; and/or
the beamFailureRecoveryTimer is either running or not
configured; and/or the contention-free Random Access
Resources for beam failure recovery request associated with
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any of the SSBs and/or CSI-RSs have been explicitly
provided by RRC; and/or at least one of the SSBs with
SS-RSRP above rsrp-ThresholdSSB amongst the SSBs in
candidateBeamRSList or the CSI-RSs with CSI-RSRP
above rsrp-ThresholdCSI-RS amongst the CSI-RSs in can-
didateBeamRSList is available. In this case, a wireless
device may select an SSB with SS-RSRP above rsrp-
ThresholdSSB amongst the SSBs in candidateBeamRSList
or a CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS
amongst the CSI-RSs in candidateBeamRSList. For
example, if CSI-RS is selected, and there is no ra-Preamb-
leIndex associated with the selected CSI-RS, a wireless
device may set the PREAMBLE_INDEX to a ra-Preamb-
leIndex corresponding to the SSB in candidateBeamRSList
which is quasi-collocated with the selected CSI-RS, other-
wise the wireless device may set the PREAMBLE_INDEX
to a ra-Preamblelndex corresponding to the selected SSB or
CSI-RS from the set of Random Access Preambles for beam
failure recovery request.

[0365] For example, there may be one or more cases that
a random access procedure may be initiated and/or a ra-
Preamblelndex has been explicitly provided by either
PDCCH or RRC; and/or the ra-Preamblelndex is not a first
preamble index (that may be predefined or configured e.g.,
0b000000); and/or contention-free Random Access
Resource associated with SSBs or CSI-RSs have not been
explicitly provided by RRC. In this case, a wireless device
may set the PREAMBLE_INDEX to the signalled ra-Pre-
amblelndex.

[0366] For example, there may be one or more cases that
a random access procedure may be initiated and/or the
contention-free Random Access Resources associated with
SSBs have been explicitly provided by RRC and at least one
SSB with SS-RSRP above rsrp-ThresholdSSB amongst the
associated SSBs is available. In this case, a wireless device
may select an SSB with SS-RSRP above rsrp-ThresholdSSB
amongst the associated SSBs. For example, the wireless
device may set the PREAMBLE_INDEX to a ra-Preamb-
leIndex corresponding to the selected SSB.

[0367] For example, there may be one or more cases that
a random access procedure may be initiated and the con-
tention-free random access resources associated with CSI-
RSs have been explicitly provided by RRC and at least one
CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS
amongst the associated CSI-RSs is available. In this case, a
wireless device may select a CSI-RS with CSI-RSRP above
rsrp-ThresholdCSI-RS amongst the associated CSI-RSs. for
example, the wireless device may set the PREAMBLE_
INDEX to a ra-Preamblelndex corresponding to the selected
CSI-RS.

[0368] For example, there may be one or more cases that
a random access procedure may be initiated and at least one
of the SSBs with SS-RSRP above rsrp-ThresholdSSB is
available. In this case, for example, a wireless device may
select an SSB with SS-RSRP above rsrp-ThresholdSSB,
otherwise may select any SSB. For example, a random
access resource selection is performed when Msg3 1240,
two-step Msgl, and/or one or more TBs in FIG. 16 is being
retransmitted, a wireless device may select the same group
of Random Access Preambles as was employed for the
Random Access Preamble transmission attempt correspond-
ing to the first transmission of Msg3, two-step Msgl, and/or
one or more TBs. For example, if the association between
random access preambles and SSBs is configured, a wireless
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device may select a ra-PreambleIndex randomly with equal
probability from the Random Access Preambles associated
with the selected SSB and the selected Random Access
Preambles group. For example, if the association between
random access preambles and SSBs is not configured, a
wireless device may select a ra-Preamblelndex randomly
with equal probability from the Random Access Preambles
within the selected Random Access Preambles group. For
example, a wireless device may set the PREAMBLE_
INDEX to the selected ra-Preamblelndex.

[0369] In an example, if an SSB is selected above and an
association between PRACH occasions and SSBs is config-
ured, a wireless device may determine the next available
PRACH occasion from the PRACH occasions correspond-
ing to the selected SSB permitted by the restrictions given by
the ra-ssb-OccasionMaskIndex if configured (the MAC
entity of the wireless device may select a PRACH occasion
randomly with equal probability amongst the PRACH occa-
sions occurring simultaneously but on different subcarriers,
corresponding to the selected SSB; the MAC entity may take
into account the possible occurrence of measurement gaps
when determining the next available PRACH occasion cor-
responding to the selected SSB).

[0370] Inanexample, ifa CSI-RS is selected above and an
association between PRACH occasions and CSI-RSs is
configured. a wireless device may determine the next avail-
able PRACH occasion from the PRACH occasions in ra-
Occasionl.ist corresponding to the selected CSI-RS (the
MAC entity shall select a PRACH occasion randomly with
equal probability amongst the PRACH occasions occurring
simultaneously but on different subcarriers, corresponding
to the selected CSI-RS; the MAC entity may take into
account the possible occurrence of measurement gaps when
determining the next available PRACH occasion corre-
sponding to the selected CSI-RS).

[0371] In an example, if a CSI-RS is selected above and
there is no contention-free Random Access Resource asso-
ciated with the selected CSI-RS, a wireless device may
determine the next available PRACH occasion from the
PRACH occasions, permitted by the restrictions given by
the ra-ssb-OccasionMaskIndex if configured, corresponding
to the SSB in candidateBeamRSList which is quasi-collo-
cated with the selected CSI-RS (the MAC entity may take
into account the possible occurrence of measurement gaps
when determining the next available PRACH occasion cor-
responding to the SSB which is quasi-collacted with the
selected CSI-RS).

[0372] For example, a wireless device may determine the
next available PRACH occasion (the MAC entity shall
select a PRACH occasion randomly with equal probability
amongst the PRACH occasions occurring simultaneously
but on different subcarriers; the MAC entity may take into
account the possible occurrence of measurement gaps when
determining the next available PRACH occasion).

[0373] For example, based on a selected PREABLE
INDEX and PRACH occasion, a wireless device may per-
form the random access preamble transmission. For
example, if the notification of suspending power ramping
counter has not been received from lower layers; and/or if
SSB selected is not changed (i.e. same as the previous
Random Access Preamble transmission), a wireless device
may increment PREAMBLE_POWER_RAMPING _
COUNTER by 1. the wireless device may select a value of
DELTA_PREAMBLE that may be predefined and/or semi-
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statically configured by a base station and set PREAMBLE _
RECEIVED_TARGET_POWER to preambleReceivedTar-
getPower+DELTA_PREAMBLE+(PREAMBLE_POWER _
RAMPING_COUNTER-1)xPREAMBLE_POWER _
RAMPING_STEP.

[0374] The wireless device may instruct the physical layer
to transmit the Random Access Preamble using the selected
PRACH, corresponding RA-RNTI (if available), PREAM-
BLE_INDEX and PREAMBLE_RECEIVED_TARGET_
POWER. For example, the wireless device may compute an
RA-RNTI associated with the PRACH occasion in which
the Random Access Preamble is transmitted, e.g., In an
example, the RA-RNTI associated with the PRACH in
which the Random Access Preamble is transmitted, may be
computed in terms of index of the first OFDM symbol of the
specified PRACH, an index of the first slot of the specified
PRACH in a system frame, an index of the specified
PRACH in the frequency domain, and/or uplink carrier
indicator. For example, an example RA-RNTI may be
calculated as: RA-RNTI=1+s_id+14xt_id+14x80xf id+14x
80x8xul_carrier_id where s_id is the index of the first
OFDM symbol of the specified PRACH (0O=s_id<14),t_id is
the index of the first slot of the specified PRACH in a system
frame (0<t_i1d<80), f_id is the index of the specified PRACH
in the frequency domain (0=f_id<8), and ul_carrier_id is the
UL carrier used for Msgl 1220 transmission or two-step
Msgl 1620 (0 for NUL carrier, and 1 for SUL carrier or vice
versa).

[0375] For example, a wireless device, that transmitted a
random access preamble, may start to monitor a downlink
control channel for a random access response corresponding
to the random access preamble. The possible occurrence of
a measurement gap may not determine when a wireless
device starts to monitor a downlink control channel.
[0376] If a wireless device does not perform a contention-
free random access procedure for beam a failure recovery
request, the wireless device may start a random access
window (e.g., ra-ResponseWindow) configured in a random
access configuration parameter (e.g., RACH-ConfigCom-
mon) at a first downlink control channel occasion from an
end of a random access preamble transmission. The wireless
device may monitor the first downlink control channel
occasion of the SpCell for random access response(s) iden-
tified by the RA-RNTI while a random access response
window (e.g., ra-ResponseWindow) is running.

[0377] In an example, a downlink assignment may be
received by a wireless device, on the PDCCH for the
RA-RNTI and the received TB (e.g., MAC PDU comprising
one or more random access responses is successfully
decoded. For example, the MAC PDU may comprise a
MAC subPDU with Random Access Preamble identifier
corresponding to a preamble that a wireless device transmits
to a base station. In this case, the wireless device may
determine that this random access response reception may
be successful. For example, the MAC subPDU may com-
prise a preamble index (e.g., RAPID) only, e.g., for a
random access procedure initiated for a system information
request

[0378] In an example embodiment, Listen-before-talk
(LBT) may be implemented for transmission in a cell
configured in unlicensed band (referred to as a LAA cell
and/or a NR-U cell for the sake of convenience, for example,
an LAA cell and NR-U cell may be interchangeable and may
refer any cell operating in unlicensed band. The cell may be

Dec. 30, 2021

operated as non-standalone with an anchor cell in licensed
band or standalone without an anchor cell in licensed band).
The LBT may comprise a clear channel assessment. For
example, in an LBT procedure, equipment may apply a clear
channel assessment (CCA) check before using the channel.
For example, the CCA utilizes at least energy detection to
determine the presence or absence of other signals on a
channel in order to determine if a channel is occupied or
clear, respectively.

[0379] In an example, contention-based random access
(CBRA) and/or contention-free random access (CFRA) may
be supported on SpCell. CFRA may be supported on SCells.
In an example, an RAR may be transmitted via SpCell, e.g.,
non-standalone scenario. In an example, an RAR may be
transmitted via SpCell and/or SCell, e.g., standalone sce-
nario. In an example, a predefined HARQ process ID for an
RAR.

[0380] In a RA procedure, a wireless device may receive
from a base station at least one RAR as a response of Msgl
1220 or two-step Msgl. An RAR may be in a form of MAC
PDU comprising one or more MAC subPDUs and optionally
padding. FIG. 18A is an example of an RAR. A MAC
subheader may be octet aligned. Each MAC subPDU may
comprise at least one of following: a MAC subheader with
Backoff Indicator only; a MAC subheader with RAPID only
(i.e. acknowledgment for SI request); a MAC subheader
with RAPID and MAC RAR. FIG. 18B is an example of a
MAC subheader with backoff indicator. For example, a
MAC subheader with backoff indicator comprise one or
more header fields, e.g., E/T/R/R/BI as described in FIG.
18B. A MAC subPDU with backoff indicator may be placed
at the beginning of the MAC PDU, if included. MAC
subPDU(s) with RAPID only and MAC subPDU(s) with
RAPID and MAC RAR may be placed anywhere after MAC
subPDU with Backoff Indicator and, if exist before padding
as described in FIG. 18A. A MAC subheader with RAPID
may comprise one or more header fields, e.g., E/T/RAPID as
described in FIG. 18C. Padding may be placed at the end of
the MAC PDU if present. Presence and length of padding
may be implicit based on TB size, size of MAC subPDU(s).

[0381] In an example one or more header fields in a MAC
subheader may indicate as follow: an E field may indicate an
extension field that may be a flag indicating if the MAC
subPDU including this MAC subheader is the last MAC
subPDU or not in the MAC PDU. The E field may be set to
“1” to indicate at least another MAC subPDU follows. The
E field may be set to “0” to indicate that the MAC subPDU
including this MAC subheader is the last MAC subPDU in
the MAC PDU; a T filed may be a flag indicating whether
the MAC subheader contains a Random Access Preamble ID
or a Backoft Indicator (one or more backoff values may
predefined and BI may indicate one of backoff value). The
T field may be set to “0” to indicate the presence of a Backoff
Indicator field in the subheader (BI). The T field may be set
to “1” to indicate the presence of a Random Access Pre-
amble ID field in the subheader (RAPID); an R filed may
indicate a reserved bit that may be set to “0”; a BI field may
be a backoff indicator field that identifies the overload
condition in the cell. The size of the BI field may be 4 bits;
an RAPID field may be a Random Access Preamble IDen-
tifier field that may identify the transmitted Random Access
Preamble. If the RAPID in the MAC subheader of a MAC
subPDU corresponds to one of the Random Access Pre-
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ambles configured for SI request, MAC RAR may not be
included in the MAC subPDU.

[0382] There may be one or more MAC RAR format. At
least one of following MAC RAR format may be employed
in a four-step or a two-step RA procedure. The MAC RAR
may be fixed size and may comprise at least one of the
following fields: an R field that may indicate a Reserved bit,
set to “0”; a Timing Advance Command field that may
indicate the index value TA employed to control the amount
of timing adjustment; a UL Grantfield that indicate the
resources to be employed on the uplink; and a RNTT field
(e.g., Temporary C-RNTI and/or C-RNTT) that may indicate
an identity that is employed during Random Access. For
example, for a two-step RA procedure, an RAR may com-
prise at least one of following: a UE contention resolution
identity, an RV ID for retransmission of one or more TBs,
decoding success or failure indicator of one or more TB
transmission, and one or more fields.

[0383] There may be a case that a base station may
multiplex, in a MAC PDU, RARs for two-step and four-step
RA procedures. If RARs for two-step and four-step RA
procedure have the same size, a wireless device may not
require an RAR length indicator field and/or the wireless
device may determine the boundary of each RAR in the
MAC PDU based on pre-determined RAR size information.
The RAR may be a fixed size using the same format for
two-step and four-step RA procedures.

[0384] In an example, an RAR for a two-step RA proce-
dure may have a different format, size, and/or fields, from an
RAR for a four-step RA procedure. IfRARs for two-step and
four-step RA procedures are multiplexed into a MAC PDU,
and the RARs have different format between two-step and
four-step RA procedure, an RAR may have a field to indicate
a type of RAR (e.g., a reserved “R” field may be employed
to indicate a type of RAR). A field for indicating an RAR
type may be in a subheader (such as a MAC subheader) or
in an RAR. An RAR may comprise different types of fields
that may correspond with an indicator in a subheader or in
an RAR. A wireless device may determine the boundary of
one or more RARs in a MAC PDU based on one or more
indicators.

[0385] Inan example, for an SCell addition, a base station
may be aware of whether SUL carrier(s) is (are) configured
in an SCell, and/or which carrier is allowed to be employed
for an SCell addition. A base station may configure DL
measurements on NUL carrier(s) and/or SUL carrier(s). A
base station may configure a wireless device with one or
more RACH configurations for an SCell, e.g., a first RACH
configuration for an SUL carrier, a second RACH configu-
ration for a NUL carrier, and so on. A base station may
transmit, to a wireless device via a PDCCH order compris-
ing a parameter indicating in which carrier the wireless
device starts a (contention free or contention based) random
access procedure. For example, a PDCCH order triggering a
(contention free or contention based) random access proce-
dure may comprise one or more parameters indicating at
least one of at least one preamble (e.g., preamble index), one
or more PRACH resources (e.g., PRACH mask index), an
SUL indicator, and/or a BWP indicator. For example, for an
random access procedure, a wireless device receiving a
PDCCH order may transmit at least one preamble via one or
more PRACH resources of a BWP indicated by a BWP
indicator of a carrier indicated by an SUL indicator.
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[0386] In an example, a wireless device may determine a
random access procedure unsuccessfully completed. For
example, if a wireless device receives no RAR correspond-
ing to one or more preambles transmitted by the wireless
device during a random access procedure, the wireless
device may consider the random access procedure unsuc-
cessfully completed. There may be a number of preamble
transmissions allowed during a random access procedure
(e.g., preambleTransMax), wherein the number of preamble
transmissions may be semi-statically configured by RRC.
For example, if a wireless device receives no RAR corre-
sponding to the number of preamble transmissions, the
wireless device may consider a random access procedure
unsuccessfully completed. In response to an unsuccessful
completion of a random access procedure, a wireless device
may indicate a problem to upper layer(s), wherein, in
response to the indicated problem, the upper layers(s) may
trigger radio link failure that may lead to prolonged random
access delay and degraded user experience.

[0387] For example, a base station (source base station
and/or a target gNB) configuring a wireless device with a
RACH configuration for a random access (for a handover
and/or SCell addition) may not allow to reuse the RACH
configuration if the random access is unsuccessfully com-
pleted.

[0388] In anunlicensed band, a failure of a random access
may occur due to LBT. For example, in an unlicensed band,
at least one LBT may be performed prior to DL and/or UL
transmission. For example, in a random access procedure in
FIG. 12, Msg 1 1220, Msg 2 1230, Msg 3 1240, and
contention resolution 1250 may require at least one LBT
before the transmission for contention based random access,
e.g., at least 4 LBTs. For contention-free case, Msg 1 1220
and Msg2 1230 may require at least one LBT, e.g., at least
2 LBTs. FIG. 19 is an example diagram of contention based
and contention-free random access procedures with LBT.
[0389] In an example, a base station and/or a wireless
device may not transmit a message (e.g., Msg 1, Msg 2, Msg
3, and contention resolution) for a random access procedure
if LBT is failed prior to transmitting the message, e.g., CCA
in LBT determines that a channel in unlicensed band is busy
(occupied by other device). In an example, a failure of LBT
may result in degrading a user experience (e.g., in terms of
QoS, capacity (throughput), and/or coverage). For example,
a base station and/or a wireless device may wait until the
channel becomes idle. This may result in a latency problem
to make a radio link connection between a base station and
a wireless device. For example, a failure of an LBT during
a random access procedure may lead a long delay for a
wireless device to receive an UL grant and/or TA value from
a base station. This may result in a call drop and/or traffic
congestion. For example, a failure of an LBT in a random
access procedure for an SCell addition may lead a cell
congestion (e.g., load imbalancing) on one or more existing
cells, e.g., since an SCell may not take over traffic from the
one or more existing cells in time.

[0390] In an example, there may be a need to improve an
efficiency of random access procedure operating in unli-
censed band, e.g., to compensate a latency/delay, and/or
performance degradation, due to the LBT failure. For
example, selecting two or more SSBs and performing one or
more LBTs on one or more PRACH occasions associated
with the two or more SSBs my increase a success rate of
LBT. For example, a wireless device may measure a plu-
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rality of downlink reference signals (SSBs or CSI-RSs, if
CSI-RS is configured by RRC). The wireless device may
select two or more SSBs by comparing RSRPs of the
plurality of downlink reference signals and a threshold. For
example, the threshold may comprise rsrp-ThresholdSSB
when the plurality of downlink reference signals are SSBs.
For example, the threshold may comprise rsrp-Threshold-
CSI-RS when the plurality of downlink reference signals are
CSI-RSs. For example, the wireless device may select two
or more downlink referencing signals (SSBs or CSI-RSs)
whose RSRPs are higher than the threshold. For example, if
SSBs are configured with the wireless device, the wireless
device may determine one or more PRACH occasions
associated with the selected two or more downlink reference
signals, e.g., SSBs. For example, the wireless device may
determine the one or more PRACH based on an association
between PRACH occasions and SSBs that may be indicated
by one or more RRC parameters, e.g., ra-ssb-OccasionMas-
kindex. For example, if CSI-RSs are configured with the
wireless device, the wireless device may determine one or
more PRACH occasions associated with the selected two or
more downlink reference signals, e.g., CSI-RSs. For
example, the wireless device may determine the one or more
PRACH based on an association between PRACH occasions
and CSI-RSs that may be indicated by one or more RRC
parameters, e.g., ra-Occasionl.ist.

[0391] In an example, a two-step RA procedure may
employ LBT in an unlicensed band. FIG. 20 is an example
diagram of a two-step RA procedure with LBT. A base
station and/or a wireless device may not transmit a message
(e.g., two-step Msg 1, preamble, one or more transport
blocks, and/or two-step Msg 2) for a random access proce-
dure if LBT is failed prior to transmitting the message, e.g.,
CCA in LBT determines that a channel in unlicensed band
is busy (occupied by other device). The transmissions of
Preamble and for one or more transport blocks may have a
same LBT and/or different LBTs.

[0392] For example, radio resources for transmissions of
Preamble and one or more transport blocks may be config-
ured in a same channel (or a same subband or a same BWP
or a same UL carrier), where a wireless device performs an
LBT for the transmissions (e.g., based on a regulation). In
this case, an LBT result on the same channel (or the same
subband or the same BWP or the same UL carrier) may
applied for transmissions of Preamble and for one or more
transport blocks. For example, FIG. 21 is an example of
radio resource allocation for a two-step RA procedure. If a
frequency offset in FIG. 21 is zero, PRACH and UL radio
resources may be time-multiplexed. If a time-offset in FIG.
21 is zero, PRACH and UL radio resources may be fre-
quency-multiplexed. The frequency offset in FIG. 21 may be
an absolute number in terms of Hz, MHz, and GHz, and/or
a relative number, e.g., one of frequency indices predefined/
preconfigured. The time-offset in FIG. 21 may be an abso-
lute number in terms of micro-second, milli-second, or
second and/or a relative number, e.g., in terms of subframe,
slot, mini-slot, OFDM symbol. PRACH for transmission of
preamble and UL radio resources for transmission of one or
more TBs may be subject to one LBT if fl1 and 2 are
configured in the same channel (or a same subband or a same
BWP or a same UL carrier). For example, in FIG. 21, one
LBT before PRACH may be performed by a wireless device
(e.g., based on a regulation of unlicensed band). For
example, a number of LBTs may be determined based on a
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value of time-offset in FIG. 21. For example, one LBT
before PRACH may be performed by a wireless device if the
value of time-offset is equal to and/or less than a threshold
(that may be configured and/or defined by a regulation). For
example, the one LBT determines idle, a wireless device
may perform a transmission of Preamble via PRACH fol-
lowed by a second transmission of one or more TBs via the
UL radio resources with no LBT (the transmission order
may be switched if the UL radio resources is allocated before
PRACH in time domain). This may be a case that PRACH
and UL radio resources are allocated closely enough in time
domain. For example, if the value of time-offset is larger
than the threshold, a wireless device may perform a first
LBT before PRACH and perform a second LBT before UL
radio resources.

[0393] For example, a bandwidth of BWP and/or UL
carrier is larger than a first value (e.g., 20 MHz) and f1 and
2 are configured in the bandwidth, a wireless may perform
an LBT and apply a result (idle/busy) of the LBT to the
transmission of preamble and UL radio resources for trans-
mission of one or more TBs. For example, if the channel is
idle, a wireless device may perform the transmissions of
Preamble and for one or more transport blocks. If the
channel is busy, a wireless device may not perform the
transmissions of Preamble and for one or more transport
blocks.

[0394] For example, a bandwidth of BWP and/or UL
carrier is less than a first value (e.g., 20 MHz) and f1 and 2
are configured in the bandwidth, a wireless may perform an
LBT and apply a result (idle/busy) of the LBT to the
transmission of preamble and UL radio resources for trans-
mission of one or more TBs. For example, if the channel is
idle, a wireless device may perform a first transmissions of
Preamble followed by a second transmission of one or more
transport blocks. If the channel is busy, a wireless device
may not perform the transmissions of Preamble and for one
or more transport blocks.

[0395] For example, radio resources for transmissions of
Preamble and one or more transport blocks may be config-
ured in different channels (or different subbands or different
BWPs or different UL carriers e.g., one in NUL and the other
one in SUL) that may require separate LBTs. For example,
a wireless device may perform an LBT per one or more
channels, per one or more subbands, per one or more BWPs,
and/or per one or more UL carriers. FIG. 22 is an example
of one or more LBTs performed for a two-step RA proce-
dure. In some cases, UL radio resources may be allocated
before or aligned with PRACH in time. A wireless device
may perform a first LBT (e.g., LBT in FIG. 22) before a first
transmission of preamble (e.g., via PRACH) and perform a
second LBT (e.g., LBT in FIG. 22) before a second trans-
mission of one or more transport blocks (e.g., via UL radio
resources). Depending on results of the first LBT and the
second LBT, a wireless device may perform none of, one of,
or both of the first transmission and the second transmission.
[0396] For example, the first transmission may be per-
formed when a first result of the first LBT is idle. The second
transmission may be independent of the first result. For
example, the second transmission may be performed when
a second result of the second LBT is idle. In this case, there
may be a case that a wireless device may transmit Preamble
in response to the first LBT being idle and may not be able
to transmit one or more transport blocks in response to the
second LBT being busy. For example, a wireless device may
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not transmit Preamble in response to the first LBT being
busy and may transmit one or more transport blocks in
response to the second LBT being idle. In a two-step RA
procedure, one or more transport blocks may comprise an
identifier of the wireless device so that a base station may
identify which wireless device transmit the one or more
transport blocks. The identity may be configured by the base
station and/or may be at least a portion of wireless device-
specific information, e.g., resume ID, DMRS sequence/
index, IMSI, etc. If a wireless device transmits one or more
TBs with no Preamble (e.g., when a channel, e.g. PRACH is
busy), a base station may identify the wireless device based
on the identity in the one or more TBs.

[0397] In a two-step RA procedure configured in an unli-
censed band, the separate LBTs for transmissions of Pre-
amble and one or more TBs may be performed in one or
more cases. For example, a base station may configure a
wireless device with the separate LBTs for a wideband
operation (e.g., for a case that a bandwidth may be larger
than 20 MHz). In the wideband operation, a base station may
configure a wireless device with a wideband comprising one
or more subbands and/or one or more BWPs. Some of the
one or more subbands may be overlapped to each other at
least a portion in frequency domain. Some of the one or
more subbands may not be overlapped to each other at least
a portion in frequency domain. Some of the one or more
BWPs may be overlapped to each other at least a portion in
frequency domain. Some of the one or more BWPs may not
be overlapped to each other at least a portion in frequency
domain. In a wideband operation, if two radio resources are
allocated with a space larger than a threshold (e.g., 20 MHz)
in frequency domain, separate L.BTs may be required for
transmissions via the two radio resources. For example, a
wideband may comprise one or more subbands, and two
radio resources may be allocated in different subbands. In
this case, a first transmission scheduled in a first subband
requires a first LBT, and a second transmission scheduled in
a second subband requires a second LBT. The first LBT and
the second LBT may be independent of each other.

[0398] For example, UL radio resources for transmission
of'one or more TBs may be subject to a first LBT (e.g., LBT)
and be independent of a second LBT (e.g., LBT) for
transmission of Preamble. For example, PRACH for trans-
mission of Preamble may be subject to a second LBT (e.g.,
LBT) and be independent of a first LBT (e.g., LBT) for
transmission of one or more TBs. For example, if fl and 2
are configured in different channels (or different subbands or
different BWPs or different UL carriers), a wireless device
may perform separate LBTs for a first transmissions of
Preamble and a second transmission of one or more trans-
port blocks.

[0399] For example, FIG. 23A and FIG. 23B are examples
of'one or more LBTs performed for a two-step RA procedure
in an unlicensed band. The resource allocation and the
separate LBTs in FIG. 22 may be resulted from FIG. 23A
and/or FIG. 23B. For example, a base station may configure
a wireless device with one or more PRACH and one or more
UL radio resources in different channels (BWPs and/or UL
carriers). The wireless device may one or more first oppor-
tunities to transmit preambles and one or more second
opportunities to transmit one or more TBs. For example, in
FIG. 23A, a wireless device may have two opportunities
(e.g., PRACH) for preamble transmission. Depending on
LBT results, a wireless device may select one of two
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opportunities. For example, a wireless device may perform
a first LBT and a second LBT (e.g., in FIG. 23A). If the
results of the first and second LBTs are idle, a wireless
device may select one of PRACH associated either a first
LBT or a second LBT (e.g., based on random selection). If
one of LBT result is idle and the other of LBT result is busy,
a wireless device may select PRACH associated with the
LBT being idle for preamble transmission. If the first and
second LBTs are busy, a wireless device may not transmit a
preamble and may perform one or more LBTs for one or
more TB transmissions.

[0400] A wireless device may have one or more opportu-
nities for transmission of one or more TBs via UL radio
resources (e.g., in a similar way that a wireless device has for
preamble transmission above). For example, the one or more
opportunities for transmission of one or more TBs may be
independent of one or more opportunities for transmission of
preamble. For example, if a wireless device does not trans-
mit a preamble due to a result (busy) of LBT, the wireless
device may perform one or more LBTs to gain access to a
channel to transmit one or more TBs. For example, in FIG.
23A, a wireless device may have a first LBT followed by a
first transmission opportunity of one or more TBs via first
UL radio resources and a second LBT (e.g., in FIG. 23A)
followed by a second transmission opportunity of one or
more TBs via second UL radio resources. Depending on
LBT results, a wireless device may select one of opportu-
nities. For example, in FIG. 23A, if (a first) LBT is busy but
(a second) LBT is idle, a wireless device may transmit one
or more TBs via UL radio resources (associated with the
second LBT). If one or more LBTs to gain access for
transmitting a preamble are busy, a wireless device may not
transmit any preamble. In this case, a wireless device may
perform one or more second LBTs (e.g., in FIG. 23A) for
transmission of one or more TBs.

[0401] For example, before a wireless device initiates a
two-step RA procedure, the wireless device may receive,
from a base station, control message(s) (e.g., RRC and/or
PDCCH) indicating one or more associations between
PRACH and UL radio resources. The associations may be
one-to-one, multi-to-one, one-to-multi, and/or multi-to-
multi between one or more PRACHs and one or more UL
radio resources. Based on the associations, a wireless device
may determine which UL radio resources and/or which
PRACH need to be selected. For example, in FIG. 23A, the
associations may indicate one-to-multi association from
PRACH on channel 2 to UL radio resources on channel 1
and UL radio resources on channel 2. For example, the
associations may indicate one-to-one association from
PRACH on channel 1 to UL radio resources on channel 1.
In this case, a wireless device may perform one or more
LBTs (depending on a regulation and/or resource allocation
whether they are in the same channel) for transmission of
one or more TBs depending on a selection of PRACH. For
example, in FIG. 23A, a wireless device may perform two
LBTs (for PRACHs). If LBT on channel 2 may be idle but
LBT on channel 1 may be busy, a wireless device transmits
a preamble via PRACH on channel 2. The wireless device
may choose one or more candidate UL radio resources based
on a configured association of PRACH on channel 2, which
may be one-to-multi from PRACH on channel 2 to UL radio
resources on channel 1 and UL radio resources on channel
2. The wireless device may perform LBT on channel 1 and
LBT on channel 2 (for the UL resources) based on the
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configured association. Depending on the results of the
LBTs, a wireless device may transmit one or more TBs. FIG.
23B is an example of a two-step RA procedure. In this case,
UL radio resources is associated with one PRACH. For
example, a base station configured an association from
PRACH on channel 2 to UL radio resources on channel 1
and UL radio resources on channel 2.

[0402] The PRACH and/or UL radio resources in FIG. 21,
FIG. 22, FIG. 23 A, and/or FIG. 23B may be associated with
at least one reference signal configuration (SSB, CSI-RS,
DM-RS). A base station may transmit at least one control
message to a wireless device to indicate such an association.
If the base station transmit a plurality of reference signals,
a configuration of each reference signal have an association
with at least one PRACH, that may be configured by RRC
and/or PDCCH. In downlink channel, there may be a
plurality of PRACHs and a plurality of UL radio resources
associated with the plurality of PRACHs.

[0403] In an example, there may be a need to improve an
efficiency of random access procedure operating in unli-
censed band, e.g., to compensate a latency/delay, and/or
performance degradation, due to the LBT failure.

[0404] In an example, in response to a PRACH transmis-
sion, the wireless device may attempt to detect a DCI (e.g.,
DCI format 1_0) during a window (e.g., ra-responseWin-
dow). In an example, the DCI may be with CRC scrambled
by a corresponding RA-RNTIL.

[0405] In an example, the base station may provide the
wireless device with a length of the window by a higher
layer parameter ra-ResponseWindow. In an example, the
length of the window may be in number of slots. In an
example, the wireless device may determine a slot duration
for the length of the window based on the SCS for the
Typel-PDCCH CSS set.

[0406] In an example, the wireless device may detect the
DCI (e.g., DCI format 1_0) with CRC scrambled by the
corresponding RA-RNTI within the window. In an example,
the wireless device may detect a transport block in a PDSCH
within the window. In an example, the DCI may schedule the
transport block in the PDSCH. In an example, in response to
the detecting the transport block, a lower layer (e.g., PHY,
MAC) of the wireless device may pass the transport block to
a higher layer of the wireless device (e.g., MAC, RRC). The
higher layer may parse the transport block for a random-
access preamble identity (RAPID) associated with the
PRACH transmission. In an example, the higher layer may
identify the RAPID in at least one random-access response
(RAR) message of the transport block. In an example, in
response to the identifying, the higher layer may indicate an
uplink grant (e.g., RAR uplink grant) to the lower layer of
the wireless device.

[0407] In an example, the higher layer of the wireless
device may indicate to the lower layer (e.g., physical layer)
of the wireless device to transmit a second PRACH in
response to not detecting the DCI (e.g., DCI format 1_0)
with CRC scrambled by the corresponding RA-RNTI within
the window.

[0408] In an example, the higher layer of the wireless
device may indicate to the lower layer (e.g., physical layer)
of the wireless device to transmit a second PRACH in
response to not receiving the transport block in the PDSCH,
correctly, within the window.

[0409] In an example, the higher layer of the wireless
device may indicate to the lower layer (e.g., physical layer)
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of the wireless device to transmit a second PRACH in
response to not identifying the RAPID associated with the
PRACH transmission from the wireless device.

[0410] In response to the higher layer indicating to the
lower layer to transmit the second PRACH, the wireless
device may transmit the second PRACH within a first offset
(e.g., N, +0.75 msec) after the last symbol of the window
[0411] In an example, the wireless device may detect the
DCI with CRC scrambled by the corresponding RA-RNTI.
[0412] In an example, the wireless device may detect/
receive the transport block in the PDSCH.

[0413] In an example, the wireless device may initiate the
PRACH transmission in response to receiving, from the base
station, a PDCCH order.

[0414] In an example, the RAR UL grant may schedule a
PUSCH transmission (e.g., Msg3) from the wireless device.
In an example, the RAR UL grant may comprise at least one
of: frequency hopping flag (e.g., 1 bit), a frequency resource
allocation for the PUSCH transmission (e.g., 14 bit), a time
resource allocation for the PUSCH transmission (e.g., 4 bit),
MCS (e.g., 4 bit), TPC command for the PUSCH transmis-
sion (e.g., 3 bit), and CSI request (e.g., 1 bit).

[0415] Inanexample, the RAR UL grant in the at least one
RAR message may schedule a PUSCH transmission (e.g.,
Msg3). In an example, the wireless device may transmit a
second transport block in the PUSCH using a first redun-
dancy version (e.g., 0).

[0416] Inan example, the base station may not provide the
wireless device with a C-RNTI. In an example, the wireless
device may be in RRC-IDLE mode. In an example, the
wireless device may be in RRC-INACTIVE mode. In an
example, when the wireless device transmits the PUSCH
scheduled by the RAR UL grant, in response to not being
provided with the C-RNTI, the wireless device may attempt
to detect a third DCI (e.g., DCI format 1_0) with CRC
scrambled by the TC-RNTI. In an example, the third DCI
may schedule a second PDSCH. In an example, the second
PDSCH may comprise a UE contention resolution identity.
[0417] Example Bandwidth Parts (BWPs)

[0418] Inanexample, a wireless device may be configured
with one or more BWPs for a serving cell (e.g., PCell,
SCell). In an example, the serving cell may be configured
with at most a first number (e.g., four) BWPs. In an example,
for an activated serving cell, there may be one active BWP
at any point in time.

[0419] In an example, a BWP switching for a serving cell
may be used to activate an inactive BWP and deactivate an
active BWP at a time. In an example, the BWP switching
may be controlled by a PDCCH indicating a downlink
assignment or an uplink grant. In an example, the BWP
switching may be controlled by an inactivity timer (e.g.
bwp-InactivityTimer). In an example, the BWP switching
may be controlled by a MAC entity in response to initiating
a Random Access procedure. In an example, the BWP
switching may be controlled by an RRC signalling.

[0420] In an example, in response to RRC (re-)configu-
ration of firstActiveDownlinkBWP-Id (e.g., included in
RRC signaling) and/or firstActiveUplinkBWP-Id (e.g.,
included in RRC signaling) for a serving cell (e.g., SpCell),
the wireless device may activate a DL, BWP indicated by the
firstActiveDownlinkBWP-1d and/or an UL BWP indicated
by the firstActiveUplinkBWP-Id, respectively without
receiving a PDCCH indicating a downlink assignment or an
uplink grant. In an example, in response to an activation of
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an SCell, the wireless device may activate a DL. BWP
indicated by the firstActiveDownlinkBWP-Id and/or an UL
BWP indicated by the firstActiveUplinkBWP-Id, respec-
tively without receiving a PDCCH indicating a downlink
assignment or an uplink grant.

[0421] In an example, for an active BWP of an activated
serving cell (e.g., PCell, SCell) configured with one or more
BWPs, a wireless device may perform, on the active BWP,
at least one of: transmitting on UL-SCH on the active BWP;
transmitting on RACH on the active BWP if PRACH
occasions are configured; monitoring a PDCCH on the
active BWP; transmitting, if configured, PUCCH on the
active BWP; reporting CSI for the active BWP; transmitting,
if configured, SRS on the active BWP; receiving DL-SCH
on the active BWP; (re-)initializing any suspended config-
ured uplink grants of configured grant Type 1 on the active
BWP according to a stored configuration, if any, and to start
in a symbol based on some procedures.

[0422] In an example, for a deactivated BWP of an acti-
vated serving cell configured with one or more BWPs, a
wireless device may not perform at least one of: transmitting
on UL-SCH on the deactivated BWP; transmitting on
RACH on the deactivated BWP; monitoring a PDCCH on
the deactivated BWP; transmitting PUCCH on the deacti-
vated BWP; reporting CSI for the deactivated BWP; trans-
mitting SRS on the deactivated BWP, receiving DL-SCH on
the deactivated BWP. In an example, for a deactivated BWP
of an activated serving cell configured with one or more
BWPs, a wireless device may clear any configured downlink
assignment and configured uplink grant of configured grant
Type 2 on the deactivated BWP; may suspend any config-
ured uplink grant of configured Type 1 on the deactivated (or
inactive) BWP.

[0423] In an example, a wireless device may initiate a
random-access procedure (e.g., contention-based random
access, contention-free random access) on a serving cell
(e.g., PCell, SCell).

[0424] Inan example, a wireless device may receive, from
a base station, one or more configuration parameters for a
two-step random-access (RA) procedure of a cell (e.g.,
PCell, SCell). For example, the one or more configuration
parameters may indicate at least one of following: one or
more RACH occasions (e.g., time-frequency resources), one
or more random-access preambles (RAPs) (or RAP groups),
preamble format, SSB information (e.g., a number of trans-
mitting SSBs, downlink resource allocation of SSB trans-
missions, transmission power of SSB transmission, and/or
other information), one or more uplink radio resources (in
terms of time, frequency, code/sequence/signature), and
power control parameters (e.g., cell and/or UE specific
power adjustments used for calculating received target
power, inter-cell interference control parameter that may be
used as a scaling factor of pathloss measurement, reference
signal power to calculate for pathloss measurement, and/or
one or more margins).

[0425] In an example, the two-step RA procedure may
comprise a first uplink (UL) transmission of a RAP (e.g.,
two-step Msgl) of the one or more RAPs and a second UL
transmission of one or more transport blocks (e.g., FDM-ed,
TDM-ed). In an example, in response to receiving the RAP
and/or the one or more transport blocks, the base station may
transmit, to the wireless device, a two-step Msg2. The
two-step Msg2 may comprise a response, e.g., random
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access response (RAR), corresponding to the first UL trans-
mission and/or the second UL transmission.

[0426] Inan example, the two-step Msg2 may comprise at
least one of following: a timing advance command indicat-
ing the TA value, a power control command, an RAR UL
grant (e.g., radio resource assignment, and/or MCS), a
wireless device ID for contention resolution (e.g., a conten-
tion resolution message), an RNTI (e.g., C-RNTT or TC-
RNTTI), and/or other information. The two-step Msg2 (e.g.,
an RAR) may comprise a preamble identifier corresponding
to the RAP, a positive (ACK) or negative acknowledgement
(NACK) of a reception of the one or more transport blocks,
and/or an indication of a successful decoding of the one or
more transport blocks. In an example, the wireless device
may transmit one or more second transport blocks based on
the two-step Msg2.

[0427] In an example, in the two-step RA procedure, the
wireless device may transmit the RAP via at least one
RACH resource of the one or more RACH occasions
indicated by the one or more configuration parameters. In an
example, the wireless device may transmit the one or more
transport blocks via at least one UL radio resource of the one
or more uplink radio resources indicated by the one or more
configuration parameters.

[0428] In an example, the one or more configuration
parameters may indicate one or more associations between
the one or more uplink radio resources and the one or more
RAPs (or RAP groups). In an example, the one or more
configuration parameters may indicate one or more associa-
tions between the one or more uplink radio resources and the
one or more RACH occasions.

[0429] Inanexample, the one or more associations may be
one-to-one, multi-to-one, one-to-multi, and/or multi-to-
multi between one or more RAPs and one or more uplink
radio resources. In an example, the one or more associations
may be one-to-one, multi-to-one, one-to-multi, and/or multi-
to-multi between one or more RACH occasions and one or
more uplink radio resources.

[0430] Based on the associations, a wireless device may
determine which UL radio resource and/or which PRACH
resource or RAP need to be selected. In an example, when
the wireless device selects a RAP of the one or more RAPs
for a two-step RA procedure, based on the selection of the
RAP and the one or more associations, the wireless device
may determine at least one UL radio resource of the one or
more uplink radio resources. In an example, in response to
the determining, the wireless device may transmit the one or
more transport blocks via the at least one UL radio resource
for the two-step RA procedure.

[0431] In an example, the first transmission of the RAP
may be overlapped in time and/or in frequency (partially or
entirely) with the second transmission of the one or more
transport blocks. In an example, the first transmission of the
RAP may be multiplexed with the second transmission of
the one or more transport blocks in time and/or frequency
domains

[0432] In an example, a wireless device may perform an
LBT on an uplink channel. In an example, the wireless
device may perform an uplink transmission via the uplink
channel in response to a success of the LBT for the uplink
channel. In an example, the success of the LBY for the
uplink channel may comprise that the wireless device may
determine the uplink channel idle (e.g., not being occupied
by another wireless device).



US 2021/0410200 A1

[0433] In an example, the wireless device may not per-
form an uplink transmission (e.g., two-step Msg 1, pre-
amble, one or more transport blocks) via the uplink channel
in response to a failure of LBT for the uplink transmission.
In an example, the failure of the LBT may comprise that the
wireless device determines that the uplink channel (e.g.,
PRACH, PUSCH, PUCCH) for the uplink transmission is
busy (occupied by another wireless device).

[0434] In an example, the wireless device may perform a
first LBT for the first UL transmission of the RAP. In an
example, the wireless device may perform a second LBT for
the second UL transmission of the one or more transport
blocks. In an example, the first LBT and the second LBT
may be the same (e.g., simultaneous, same frequency, same
time, etc). In an example, the first LBT and the second LBT
may be different (e.g., different times, frequency, etc).
[0435] In an example, the wireless device may determine
a success of the first LBT for the RAP. In an example, in
response to the success of the first LBT, the wireless device
may perform the first UL transmission of the RAP via the
RACH resource. In an example, in response to the success
of the first LBT, the wireless device may not perform the
second LBT for the second UL transmission of the one or
more transport blocks. In an example, in response to the not
performing the second LBT, the wireless device may per-
form the second UL transmission of the one or more
transport blocks via the at least one UL radio resource when
the first LBT for the RAP is successful. This may be a case
that PRACH and UL radio resources are allocated closely
enough in time domain. In an example, the wireless device
may perform the first and the second UL transmissions back
to back in response to the being allocated closely enough in
time.

[0436] In an example, the wireless device may determine
a success of the first LBT (e.g., idle) for the RAP. In an
example, in response to the success of the first LBT, the
wireless device may perform the first UL transmission of the
RAP via the RACH resource and the second UL transmis-
sion of the one or more transport blocks via the at least one
UL radio resource.

[0437] In an example, the wireless device may determine
a failure of the first LBT (e.g., busy) for the RAP. In an
example, in response to the failure of the first LBT, the
wireless device may not perform the first UL transmission of
the RAP via the RACH resource and the second UL trans-
mission of the one or more transport blocks via the at least
one UL radio resource.

[0438] Inan example, a wireless device may receive, from
a base station, one or more messages (e.g. RRC connection
reconfiguration message, or RRC connection reestablish-
ment message, or RRC connection setup message) compris-
ing one or more configuration parameters for a cell (e.g.,
PCell, PSCell, SCell). In an example, the one or more
configuration parameters may comprise bandwidth part
(BWP) configuration parameters for a plurality of downlink
BWPs of' the cell and a plurality of uplink BWPs of the cell.
[0439] In an example, the wireless device may operate in
a paired spectrum (e.g., frequency division duplex (FDD)).
[0440] In an example, the one or more configuration
parameters may further comprise downlink BWP specific
indices for the plurality of downlink BWPs and/or uplink
BWP specific indices for the plurality of uplink BWPs. In an
example, each downlink BWP of the plurality of downlink
BWPs may be identified by a respective one downlink BWP
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specific index of the downlink BWP specific indices (e.g.,
provided by a higher layer parameter bwp-ID). In an
example, each uplink BWP of the plurality of uplink BWPs
may be identified by a respective one uplink BWP specific
index of the uplink BWP specific indices (e.g., provided by
a higher layer parameter bwp-1D).

[0441] In an example, at a time slot, the wireless device
may operate on a first downlink BWP of the plurality of
downlink BWPs and a second uplink BWP of the plurality
of uplink BWPs of the cell. In response to the operating, the
wireless device may be, at the time slot, active on the first
downlink BWP and the second uplink BWP for the cell. In
an example, at the time slot, the first downlink BWP and the
second uplink BWP may be an active downlink BWP and an
active uplink BWP of the cell, respectively in response to the
operating.

[0442] Inan example, when the first downlink BWP is the
active downlink BWP and the second uplink BWP is the
active uplink BWP of the cell (e.g., at the time slot), the
wireless device may initiate a random-access procedure
(e.g., contention-based random-access procedure, conten-
tion-free random-access procedure). The wireless device
may perform the random-access procedure on the first
downlink BWP and the second uplink BWP.

[0443] In an example, the random-access procedure may
be initiated for an initial access from RRC_IDLE, an RRC
Connection Re-establishment procedure, a handover, a DL
or UL data arrival during RRC_CONNECTED when UL
synchronization status is “non-synchronized”, a transition
from RRC_INACTIVE, a time alignment establishment at
SCell addition, a beam failure recovery, or a request for
other system information (SI).

[0444] In an example, the one or more configuration
parameters may comprise one or more PRACH resources on
the second uplink BWP. In an example, the one or more
configuration parameters may comprise one or more RSs
(e.g., SS/PBCH blocks, CSI-RS). In an example, the one or
more configuration parameters may further comprise one or
more associations (or correspondence) between the one or
more RSs and the one or more PRACH resources (e.g., the
association may be one-to-one, one-to-many, many-to-one,
etc). The association may be provided by configuration
parameters (e.g., RACH-ConfigDedicated, Candidate-
BeamRSList, RACH-ConfigCommon, ra-ssb-Occasion-
MaskIndex, ra-OccasionList etc).

[0445] In an example, the performing the random-access
procedure on the second uplink BWP may comprise per-
forming a random-access resource selection on the second
uplink BWP. In an example, the performing the random-
access resource selection may comprise selecting a first RS
in the one or more RSs. The first RS may be a first SS/PBCH
block or a first CSI-RS. In an example, based on the one or
more associations, the first RS may be associated with (or
corresponding to) a PRACH resource of the one or more
PRACH resources configured on the second uplink BWP.
The PRACH resource may comprise at least one preamble
(associated with PREAMBLE_INDEX) and at least one
PRACH occasion (e.g., time, frequency, code) on the second
uplink BWP.

[0446] In an example, in response to the performing the
random-access resource selection, the wireless device may
perform a random-access preamble transmission. In an
example, in the random-access preamble transmission, the
wireless device may transmit, in a first slot, the at least one
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preamble via the at least one PRACH resource of the second
uplink BWP for the random-access procedure.

[0447] In an example, in response to transmitting the at
least one preamble in the first slot, the wireless device may
start, from a second slot, a configured response window
(e.g., ra-responseWindow). In an example, the configured
response window may be configured by the one or more
configuration parameters (e.g., RACH-ConfigCommon,
BeamFailureRecoveryConfig).

[0448] In an example, when the configured response win-
dow is running, the wireless device may monitor for a
random-access response (RAR) corresponding to the at least
one preamble. The monitoring for the random-access
response may comprise monitoring, for a DCI (e.g. a down-
link assignment, an uplink grant), at least one PDCCH in the
second downlink BWP of the cell (e.g., SpCell).

[0449] In an example, the DCI may be identified with
CRC scrambled by a C-RNTI or MCS-C-RNTI of the
wireless device. For example, the random-access procedure
may be initiated for a beam failure recovery of the cell.
[0450] In an example, the DCI may be identified with
CRC scrambled by a RA-RNTI.

[0451] In an example, an offset between the first slot and
the second slot may be fixed. In an example, the offset may
be 4 slots.

[0452] In an example, the second slot may be at a first
PDCCH occasion of the second downlink BWP from the end
of the transmitting the at least one preamble.

[0453] In an example, when the random-access procedure
is initiated for a beam failure recovery, in response to
receiving the DCI (e.g., scrambled by C-RNTI or MCS-C-
RNTTI) on the at least one PDCCH in the second downlink
BWP of'the cell, within the configured response window, the
random-access procedure (e.g., contention-free random-ac-
cess procedure) for the beam failure recovery may be
successfully completed.

[0454] In an example, the random-access response may
comprise a first MAC subPDU with a random-access pre-
amble identifier. In an example, the random-access preamble
identifier may be associated with (or corresponding to) the
at least one preamble (e.g., PREAMBLE_INDEX).

[0455] In an example, when the random-access procedure
is not initiated for a beam failure recovery (e.g., contention-
free random-access procedure for the beam failure recov-
ery), in response to receiving the DCI (e.g., scrambled by
RA-RNTI) in the at least one PDCCH of the second down-
link BWP of the cell, within the configured response win-
dow, and the random-access preamble identifier being asso-
ciated with (or corresponding to) the at least one preamble,
a reception of the random-access response may be success-
fully completed.

[0456] In an example, when the random-access procedure
is not initiated for a beam {failure recovery and a reception
of the random-access response is successfully completed, in
response to receiving the DCI (e.g., scrambled by RA-
RNTTI) on the at least one PDCCH in the second downlink
BWP of'the cell, within the configured response window, the
random-access procedure (e.g., contention-free random-ac-
cess procedure) may be successfully completed.

[0457] In an example, the configured response window
may expire. In an example, the wireless device may not
receive the DCI within the configured response window. In
response to the configured response window expiring and
the wireless device not receiving the DCI (e.g., scrambled by
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C-RNTI) or a random-access response comprising the ran-
dom-access preamble identifier being associated with (or
corresponding to) the at least one preamble, the wireless
device may consider a reception of the random-access
response unsuccessful and may increment a preamble trans-
mission counter variable (e.g., PREAMBLE_TRANSMIS-
SION_COUNTER) by one.

[0458] Inan example, in response to the incrementing, the
preamble transmission counter variable may be equal to or
greater than a preamble maximum transmission parameter
(e.g., RRC parameter preambleTransMax).

[0459] In an example, the cell may be an SpCell (e.g.,
PCell, PSCell). In an example, the wireless device may
transmit the at least one preamble on the SpCell in response
to the cell being the SpCell. In an example, the wireless
device may indicate a problem of the random-access pro-
cedure to upper layers (e.g., RRC) in response to the
preamble transmission counter variable being equal to or
greater than the preamble maximum transmission parameter.

[0460] In an example, the cell may be an SCell. In an
example, the wireless device may transmit the at least one
preamble on the SCell in response to the cell being the SCell.
In an example, the wireless device may complete the ran-
dom-access procedure unsuccessfully in response to the
preamble transmission counter variable being equal to or
greater than the preamble maximum transmission parameter.

[0461] In an example, in response to the indicating the
problem of the random-access procedure to the upper layers
(e.g., RRC), the upper layers may trigger a radio link failure
that may lead to prolonged random-access delay and
degraded user experience.

[0462] Inan example, in response to the incrementing, the
preamble transmission counter variable may be less than the
preamble maximum transmission parameter plus one. In
response to the preamble transmission counter variable
being less than the preamble maximum transmission param-
eter plus one, the wireless device may consider the random-
access procedure incomplete.

[0463] In an example, in response to the considering the
random-access procedure incomplete, the wireless device
may select a random back-off time. The random back-off
time may be selected according to a uniform distribution
between zero and a preamble back-off variable in the RAR.
In an example, the wireless device may start a back-off timer
with a value indicated by the random back-off time in
response to the selecting.

[0464] In an example, while the back-off timer is running,
the wireless device may perform a second random-access
resource selection. The wireless device may select a second
RS in the one or more RSs. In an example, the second RS
may be a second SS/PBCH block or a second CSI-RS. In an
example, based on the one or more associations, the second
RS may be associated with (or corresponding to) a second
PRACH resource of the one or more PRACH resources
configured on the second uplink BWP. The second PRACH
resource may comprise at least one second preamble and at
least one second PRACH occasion (e.g., time, frequency,
code) on the second uplink BWP. In an example, when the
wireless device performs the second random-access
resource selection, the wireless device may perform a sec-
ond random-access preamble transmission. In an example,
in the second random-access preamble transmission, the
wireless device may transmit, in a third slot, the at least one
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second preamble via the at least one second PRACH
resource of the second uplink BWP for the random-access
procedure.

[0465] In an example, in a contention-based two-step
random-access procedure, PUSCH resources to transmit a
MsgA payload of the contention-based two-step random-
access procedure may be shared among a plurality of
wireless devices. In an example, each wireless device of the
plurality of wireless devices may transmit, via the PUSCH
resources, a MsgA payload for a respective contention-based
two-step random-access procedure. Based on the PUSCH
resources being shared, a wireless device, of the plurality of
wireless devices, may not release the PUSCH resources in
response to completing a contention-based two-step ran-
dom-access procedure. Based on not releasing the PUSCH
resources, the wireless device may transmit, via the PUSCH
resources, a MsgA payload for a subsequent contention-
based two-step random-access procedure.

[0466] In an example, in a contention-free two-step ran-
dom-access procedure, PUSCH resources to transmit a
MsgA payload of the contention-free two-step random-
access procedure may be dedicated to a wireless device.
Based on the PUSCH resources being dedicated, the
PUSCH resources may be contention-free PUSCH
resources. In an example, the wireless device may initiate a
contention-free two-step random-access procedure (e.g., for
handover, for beam failure recovery procedure, etc). Based
on the initiating the contention-free two-step random-access
procedure, the wireless device may transmit a random-
access preamble via contention-free random-access
resources and a MsgA payload. The wireless device may
transmit the MsgA payload via the contention-free PUSCH
resource(s). The wireless device may complete the conten-
tion-free two-step random-access procedure based on
receiving a random-access response. In an example, the
wireless device may not release the contention-free PUSCH
resource(s) based on the completing. The wireless device
may use (or transmit via) the contention-free PUSCH
resource(s) for subsequent random-access procedures.

[0467] In an example, based on the completing the con-
tention-free two-step random-access procedure, the base
station may allocate/assign the contention-free PUSCH
resource(s) to a second wireless device. This may increase
the resource efficiency when the wireless device does not use
the contention-free PUSCH resource(s) for the subsequent
random-access procedures for a long time. The contention-
free PUSCH resource(s) not used by the wireless device may
be allocated/assigned to the second wireless device. Imple-
mentation of not releasing the contention-free PUSCH
resource(s) based on the completing the contention-free
two-step random-access procedure may not be efficient. For
example, when the number of wireless devices in a cell is
high, resource efficiency may be important to meet quality of
service (QoS) demands of the wireless devices in the cell.
When the wireless device does not release the contention-
free PUSCH resource(s) assigned/allocated to the second
wireless device, the wireless device and the second wireless
device may transmit via the contention-free PUSCH
resource(s) resulting in collision. This may lead to unsuc-
cessful reception of MsgA payload at the base station,
lowering the data rate, increasing the delay of a successful
communication, increasing battery consumption due to
retransmissions, etc. There is a need to implement an
enhanced procedure for the contention-free PUSCH
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resource(s) when a wireless device completes a contention-
free two-step random-access procedure.

[0468] In an example, the wireless device may release the
contention-free PUSCH resource(s) during the contention-
free two-step random-access procedure. In an example, the
wireless device may release the contention-free PUSCH
resource(s) after the contention-free two-step random-access
procedure is completed. The wireless device may release the
contention-free PUSCH resource(s) after a time duration
after the contention-free two-step random-access procedure
is completed. In an example, the wireless device may release
the contention-free PUSCH resource(s) based on an indica-
tion (e.g., downlink control information indicating to
release) from the base station. There is a need to define at
which point/condition to release the contention-free PUSCH
resources. This may enable the base station and the wireless
device to be aligned on the usage of the contention-free
PUSCH resources. In an example, the base station may not
monitor the contention-free PUSCH resources for a MsgA
reception when the wireless device releases the contention-
free PUSCH resources. This may lead to power efficiency at
the base station.

[0469] In an example embodiment, a wireless device may
release the contention-free PUSCH resource(s) based on the
completing the contention-free two-step random-access pro-
cedure. In an example, the wireless device may complete the
contention-free two-step random-access procedure based on
receiving a PDCCH scheduling a random-access response.
The PDCCH may be identified by a C-RNTI. The PDCCH
may be identified by a RA-RNTI. The PDCCH may be
identified by a MSGB-RNTI. In an example, the wireless
device may complete the contention-free two-step random-
access procedure based on a number of preamble transmis-
sions reaching to a configured maximum number. Releasing
the contention-free PUSCH resource(s) may increase the
resource efficiency, improve the battery consumption and
reduce collisions.

[0470] FIG. 24 shows an example of a random-access
procedure as per an aspect of an embodiment of the present
disclosure.

[0471] Inan example, a wireless device may receive, from
a base station, one or more configuration parameters for a
two-step random-access (RA) procedure of a cell (e.g.,
PCell, SCell) at time T0 in FIG. 24. In an example, the one
or more configuration parameters may indicate one or more
PRACH resources (e.g., PRACH resources in FIG. 24).

[0472] In an example, the one or more PRACH resources
may comprise one or more random-access preambles
(RAPs). In an example, the one or more PRACH resources
may comprise one or more RACH occasions (e.g., time/
frequency occasion).

[0473] In an example, the one or more configuration
parameters may indicate one or more uplink radio resources
(in terms of time, frequency, code/sequence/signature) for a
MsgA payload transmission of the two-step RA procedure.
The one or more uplink radio resources are Uplink resources
in FIG. 24. In an example, the uplink radio resources may be
PUSCH resources.

[0474] In an example, an uplink radio resource of the one
or more uplink radio resources may indicate at least one time
resource/occasion. In an example, an uplink radio resource
of the one or more uplink radio resources may indicate at
least one frequency resource/occasion.
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[0475] In an example, the one or more configuration
parameters may indicate one or more uplink grants. The one
or more uplink grants may indicate one or more uplink radio
resources (in terms of time, frequency, code/sequence/sig-
nature). In an example, the one or more uplink grants
indicating the one or more uplink radio resources (or
PUSCH resources) may comprise that an uplink grant of the
one or more uplink grants may indicate at least one time
resource/occasion of the one or more uplink radio resources
(or PUSCH resources). In an example, the one or more
uplink grants indicating the one or more uplink radio
resources may comprise that an uplink grant of the one or
more uplink grants may indicate at least one frequency
resource/occasion of the one or more uplink radio resources.
[0476] In an example, the base station may broadcast one
or more uplink radio resources (in terms of time, frequency,
code/sequence/signature). The one or more uplink radio
resources are Uplink resources in FIG. 24. In an example, in
response to the broadcasting the one or more uplink
resources, a plurality of wireless devices (in the cell) includ-
ing the wireless device may share the one or more uplink
radio resources (or PUSCH resources).

[0477] In an example, the base station may broadcast one
or more uplink grants. The one or more uplink grants may
indicate one or more uplink radio resources (in terms of
time, frequency, code/sequence/signature). The one or more
uplink radio resources are Uplink resources in FIG. 24. In an
example, in response to the broadcasting the one or more
uplink grants, a plurality of wireless devices (in the cell)
including the wireless device may share the one or more
uplink grants. In an example, the one or more uplink grants
indicating the one or more uplink radio resources may
comprise that an uplink grant of the one or more uplink
grants may indicate at least one time resource/occasion of
the one or more uplink radio resources. In an example, the
one or more uplink grants indicating the one or more uplink
radio resources may comprise that an uplink grant of the one
or more uplink grants may indicate at least one frequency
resource/occasion of the one or more uplink radio resources.
[0478] In an example, the one or more configuration
parameters may indicate one or more associations/mappings
between the one or more uplink radio resources (or the one
or more uplink grants) and the one or more PRACH
resources. In an example, the one or more configuration
parameters may indicate one or more associations/mappings
between the one or more uplink radio resources (or the one
or more uplink grants) and the one or more RAPs of the one
or more PRACH resources. In an example, the one or more
configuration parameters may indicate one or more associa-
tions/mappings between the one or more uplink radio
resources (or the one or more uplink grants) and the one or
more RACH occasions of the one or more PRACH
resources. In an example, the one or more associations/
mappings may be one-to-one, multi-to-one, one-to-multi,
and/or multi-to-multi.

[0479] In an example, in FIG. 25, PRACH resource 1 of
the one or more PRACH resources is one-to-one associated/
mapped with uplink resource 1 of the one or more uplink
radio resources (or with uplink grant 1 of the one or more
uplink grants). In an example, in response to the one-to-one
association/mapping, when the wireless device selects the
PRACH resource 1 for a two-step random-access procedure,
the wireless device selects the uplink resource 1 (indicated
by the uplink grant 1) for an uplink transmission of a
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transport block (e.g., PUSCH, Msg3). In an example, when
the base station receives a transport block on the uplink
resource 1, based on the one-to-one association/mapping,
the base station may determine that the wireless device
selected the PRACH resource 1 for a two-step random-
access procedure.

[0480] In an example, in FIG. 25, PRACH resource 2 of
the one or more PRACH resources is one-to-multi associ-
ated/mapped with uplink resource 2 of the one or more
uplink radio resources (or with uplink grant 2 of the one or
more uplink grants) and uplink resource 3 of the one or more
uplink radio resources (or with uplink grant 3 of the one or
more uplink grants). In an example, in response to the
one-to-multi association/mapping, when the wireless device
selects the PRACH resource 2 for a two-step random-access
procedure, the wireless device selects the uplink resource 2
(indicated by the uplink grant 2) or the uplink resource 3
(indicated by the uplink grant 3) for an uplink transmission
of a transport block (e.g., PUSCH, Msg3). In an example,
when the base station receives a transport block on the
uplink resource 2 or on the uplink resource 3, based on the
one-to-multi association/mapping, the base station may
determine that the wireless device selected the PRACH
resource 2 for a two-step random-access procedure.

[0481] In an example, in FIG. 25, uplink resource 3 of the
one or more uplink radio resources (or uplink grant 3 of the
one or more uplink grants) is multi-to-one associated/
mapped with PRACH resource 2 of the one or more PRACH
resources and PRACH resource 3 of the one or more
PRACH resources. In an example, in response to the multi-
to-one association/mapping, when the wireless device
selects the PRACH resource 2 or the PRACH resource 3 for
a two-step random-access procedure, the wireless device
may select the uplink resource 3 (or the uplink grant 3 of the
one or more uplink grants) for an uplink transmission of a
transport block (e.g., PUSCH, Msg3). In an example, when
the base station receives a transport block on the uplink
resource 3, based on the multi-to-one association/mapping,
the base station may determine that the wireless device
selected the PRACH resource 2 or the PRACH resource 3
for a two-step random-access procedure.

[0482] In an example, the wireless device may initiate a
two-step random-access procedure (e.g., contention-free
random-access procedure, contention-based random-access
procedure) for the cell at time T1 in FIG. 24. In an example,
the wireless device may perform a first random-access
resource selection in response to the initiating the two-step
random-access procedure. In an example, the wireless
device may select a random-access channel (PRACH)
resource of the one or more PRACH resources for the first
random-access selection. In an example, the PRACH
resource may comprise at least one preamble. In an example,
the PRACH resource may comprise at least one PRACH
occasion (e.g., time resource/occasion, frequency resource/
occasion, code).

[0483] In an example, when the wireless device performs
the first random-access resource selection for the two-step
random-access procedure, based on the one or more asso-
ciations/mappings (e.g., in FIG. 25), the wireless device may
determine/select at least one UL radio resource (e.g.,
PUSCH resource) of the one or more uplink radio resources
(or determine/select at least one UL grant of the one or more
uplink grants) for an uplink transmission of a transport block
(e.g., MsgA payload, Msg3, PUSCH). In an example, the
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PRACH resource may be (e.g., one-to-one, one-to-multi,
multi-to-one) associated/mapped with the at least one UL
radio resource (or the at least one UL grant). In an example,
at least one UL grant may indicate the at least one UL radio
resource. In an example, the at least one UL radio resource
may comprise at least one time resource/occasion and/or at
least one frequency resource/occasion. In an example, the
PRACH resource being associated/mapped with the at least
one UL radio resource (or the at least one UL grant) may
comprise the at least one preamble of the PRACH resource
being associated/mapped with the at least one UL radio
resource (or the at least one UL grant). In an example, the
PRACH resource being associated/mapped with the at least
one UL radio resource (or the at least one UL grant) may
comprise the at least one PRACH occasion of the PRACH
resource being associated/mapped with the at least one UL
radio resource (or the at least one UL grant).

[0484] In an example, based on the first random-access
selection, the wireless device may transmit, via the at least
one PRACH occasion, the at least one preamble for the
two-step random-access procedure at time T2 in FIG. 24.
[0485] In an example, in response to the determining/
selecting the at least one UL radio resource (or the at least
one UL grant), the wireless device may transmit, via the at
least one UL radio resource (e.g., a PUSCH resource), the
transport block (e.g., MsgA payload) for the uplink trans-
mission for the two-step random-access procedure at time
T3 in FIG. 24. In an example, the at least one UL grant may
indicate the at least one UL radio resource.

[0486] In an example, the transmission of the at least one
preamble may overlap in time and/or in frequency (partially
or entirely) with the uplink transmission of the transport
block (e.g., FIG. 17B.). In an example, the at least one
PRACH occasion may be multiplexed with the at least one
UL radio resource in time and/or frequency domains (e.g.,
TDM-ed, FDM-ed). In an example, when the at least one
PRACH occasion is multiplexed with the at least one UL
radio resource in a frequency domain, the wireless device
may transmit the at least one preamble and the at least one
UL radio resource simultaneously (e.g., FIG. 17B, T2 and
T3 may be the same in FIG. 24).

[0487] In an example, when the at least one PRACH
occasion is multiplexed with the at least one UL radio
resource in a time domain, the wireless device may transmit
the at least one preamble and the transport block at different
times with a time gap (e.g., FIG. 17A, FIG. 17C, T2 and T3
may be different in FIG. 24).

[0488] In an example, in response to the transmitting the
at least one preamble and/or the transport block, the wireless
device may monitor a PDCCH for a response (e.g., random-
access response, two-step Msg2, MsgB), from the base
station. In an example, the response may be corresponding
to the at least one preamble. In an example, the response
may be corresponding to the transport block. In an example,
the response may be corresponding to the at least one
preamble and the transport block.

[0489] In an example, the base station may detect the at
least one preamble and the transport block. In response to
the detecting the at least one preamble and the transport
block, the response, from the base station, may be corre-
sponding to the at least one preamble and the transport
block.

[0490] In an example, the base station may detect the at
least one preamble. In an example, the base station may not
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detect the transport block. In response to the detecting the at
least one preamble and not detecting the transport block, the
response, from the base station, may be corresponding to the
at least one preamble.

[0491] In an example, the base station may not detect the
at least one preamble. In an example, the base station may
detect the transport block. In response to the not detecting
the at least one preamble and detecting the transport block,
the response, from the base station, may be corresponding to
the transport block.

[0492] In an example, the response may comprise at least
one of following: an RAR UL grant (e.g., radio resource
assignment, and/or MCS), a wireless device ID for conten-
tion resolution (e.g., a contention resolution message), an
RNTTI (e.g., C-RNTI or TC-RNTI), and/or other informa-
tion. In an example, the response may comprise a timing
advance command (e.g., Timing advance command MAC-
CE) indicating a timing advance value. In an example, the
response (e.g., an RAR) may comprise a preamble identifier
corresponding to the at least one preamble, a positive (ACK)
or negative acknowledgement (NACK) of a reception of the
transport block, and/or an indication of a successful decod-
ing of the transport block.

[0493] Inanexample, the monitoring for the response may
comprise attempting to detect a DCI (e.g., DCI format 1_0)
during a window (e.g., ra-responseWindow). In an example,
the one or more configuration parameters may indicate the
window (e.g., Window in FIG. 24).

[0494] Inan example, the monitoring for the response may
comprise monitoring, for a DCI (e.g. a downlink assign-
ment, an uplink grant), at least one PDCCH in the cell (e.g.,
SpCell). In an example, the DCI may comprise an uplink
grant. In an example, the DCI may comprise a downlink
assignment.

[0495] In an example, the DCI may be with CRC
scrambled by a second RNTI. In an example, the second
RNTI may be RA-RNTI. In an example, the second RNTI
may be a C-RNTI. In an example, the second RNTI may be
a TC-RNTI. In an example, the second RNTI may be a
CS-RNTI. In an example, the second RNTI may be a
MCS-C-RNTI. In an example, the second RNTI may be a
MSGB-RNTI (e.g., since the DCI is scheduling the
response, which is also named as MsgB).

[0496] In an example, the wireless device may detect the
DCI (e.g., DCI format 1_0) in the at least one PDCCH in the
cell within the window at time T4 in FIG. 24. In an example,
the wireless device may detect a first transport block in a
PDSCH. In an example, the DCI may schedule the first
transport block in the PDSCH. In an example, in response to
the detecting the first transport block, a lower layer (e.g.,
PHY, MAC) of the wireless device may pass the first
transport block to a higher layer of the wireless device (e.g.,
MAC, RRC). The higher layer may parse the first transport
block for a random-access preamble identity (RAPID).
[0497] In an example, the wireless device may receive the
response corresponding to the at least one preamble. In an
example, receiving the response corresponding to the at least
one preamble may comprise that the RAPID (in the first
transport block) identifies the at least one preamble. In an
example, receiving the response corresponding to the at least
one preamble may comprise that the RAPID (in the first
transport block) indicates the at least one preamble. In an
example, the DCI scheduling the response may have a CRC
scrambled by the second RNTI (e.g., RA-RNTI). In an
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example, in response to the receiving the response corre-
sponding to the at least one preamble, the wireless device
may complete the reception of the response successfully.

[0498] In an example, the wireless device may receive the
response corresponding to the transport block. In an
example, receiving the response corresponding to the trans-
port block may comprise that the response identifies a
wireless 1D (e.g., contention-resolution ID, wireless-spe-
cific/dedicated ID, random number selected by the wireless
device, etc). In an example, receiving the response corre-
sponding to the transport block may comprise that the
response comprises an RNTI (e.g., C-RNTI or TC-RNTT) of
the wireless device. In an example, receiving the response
corresponding to the transport block may comprise that the
DCI scheduling the response has a CRC scrambled by the
second RNTI (e.g., C-RNTI) of the wireless device. In an
example, the response may comprise a timing advance
command (e.g., Timing advance command MAC-CE) indi-
cating a timing advance value. In an example, receiving the
response corresponding to the transport block may comprise
that the response comprises an identifier corresponding to
the transport block. In an example, receiving the response
corresponding to the transport block may comprise that the
response comprises an ACK/NACK for a reception of the
transport block. In an example, receiving the response
corresponding to the transport block may comprise that the
response comprises an indication of a successful decoding of
the transport block. In an example, in response to the
receiving the response corresponding to the transport block,
the wireless device may complete the reception of the
response successfully.

[0499] In an example, the two-step random-access proce-
dure may be a contention-free random-access procedure. In
an example, in response to receiving the response corre-
sponding to the at least one preamble, the two-step random-
access procedure may be successfully completed.

[0500] In an example, the two-step random-access proce-
dure may be a contention-free random-access procedure. In
an example, in response to receiving the response corre-
sponding to the transport block, the two-step random-access
procedure may be successfully completed.

[0501] In an example, the two-step random-access proce-
dure may be a contention-free random-access procedure. In
an example, in response to receiving the response corre-
sponding to the at least one preamble and the transport
block, the two-step random-access procedure may be suc-
cessfully completed.

[0502] In an example, the two-step random-access proce-
dure may be a contention-free random-access procedure. In
an example, in response to receiving the response corre-
sponding to at least one of the transmitted at least one
preamble and the transport block, the two-step random-
access procedure may be successfully completed.

[0503] In an example, the wireless device may determine
that the two-step random access procedure is unsuccessfully
completed. For example, when the wireless device does not
receive the response corresponding to at least one of the
transmitted at least one preamble and the transport block
during the window, based on a maximum number of pre-
amble transmissions (e.g., preambleTransMax configured by
the one or more configuration parameters), the wireless
device may consider the two-step random-access procedure
unsuccessfully completed. In an example, a number of
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preamble transmissions may be equal to or greater than the
maximum number of preamble transmissions.

[0504] In an example, the two-step random-access proce-
dure may be a contention-free random-access procedure.
[0505] In an example, the base station may explicitly
indicate/signal the one or more PRACH resources for the
contention-free random-access procedure (e.g., handover,
system information request, PDCCH order, beam failure
recovery procedure). In an example, the base station may
explicitly indicate the one or more PRACH resources in
response to the two-step random-access procedure being the
contention-free random-access procedure (e.g., handover,
system information request, PDCCH order, beam failure
recovery procedure).

[0506] Inan example, for the explicit indication/signaling,
the base station may provide the wireless device with the one
or more PRACH resources by a higher layer parameter
rach-ConfigDedicated. In an example, the one or more
configuration parameters may comprise the higher layer
parameter rach-ConfigDedicated.

[0507] Inan example, for the explicit indication/signaling,
the base station may provide the wireless device with the one
or more PRACH resources by an RRC signaling (e.g.,
BeamFailureRecoveryConfig, SI-SchedulingInfo), a DCI or
a MAC CE.

[0508] In an example, the base station may explicitly
indicate/signal (e.g., by a PDCCH order) the at least one
preamble (e.g., ra-Preamblelndex) for the contention-free
random-access procedure. In an example, the base station
may explicitly indicate/signal (e.g., by a PDCCH order) the
at least one preamble (e.g., ra-Preamblelndex) in response to
the two-step random-access procedure being the contention-
free random-access procedure. In an example, for the
explicit indication/signaling, the base station may transmit,
to the wireless device, a DCI (e.g., PDCCH order) indicating
the at least one preamble (e.g., ra-Preamblelndex).

[0509] Inan example, when the wireless device completes
the two-step random-access procedure (e.g., successfully or
unsuccessfully), in response to the two-step random-access
procedure being the contention-free random-access proce-
dure (e.g., initiated by handover, system information
request, PDCCH order), the wireless device may discard the
one or more PRACH resources. In an example, the base
station may explicitly indicate/signal the one or more
PRACH resources for the contention-free random-access
procedure. In an example, the wireless device may not
initiate the two-step random-access procedure (or the con-
tention-free random-access procedure) for a beam failure
recovery procedure of the cell. In an example, when the
wireless device discards the one or more PRACH resources,
in response to the one or more associations/mappings
between the one or more uplink radio resources (or the one
or more uplink grants) and the one or more PRACH
resources, the wireless device may clear the one or more
uplink radio resources (or clear the one or more uplink
grants) at time T4 in FIG. 24.

[0510] In an example, in response to the completing the
two-step random-access procedure (e.g., successfully or
unsuccessfully) and the two-step random-access procedure
being the contention-free random-access procedure (e.g.,
initiated by handover, system information request, PDCCH
order), the wireless device may clear the one or more uplink
radio resources (or clear the one or more uplink grants) at
time T4 in FIG. 24.
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[0511] In an example, when the wireless device completes
the two-step random-access procedure at time T4 in FIG. 24,
in response to the two-step random-access procedure being
the contention-free random-access procedure (e.g., initiated
by handover, system information request, PDCCH order),
the wireless device may discard the PRACH resource. In an
example, the base station may explicitly indicate/signal the
at least one preamble of the PRACH resource for the
contention-free random-access procedure. In an example,
the wireless device may not initiate the two-step random-
access procedure (or the contention-free random-access pro-
cedure) for a beam failure recovery procedure of the cell. In
an example, when the wireless device discards the PRACH
resource, in response to the PRACH resource being associ-
ated/mapped with the at least one UL radio resource (or the
at least one UL grant), the wireless device may clear the at
least one UL radio resource (or clear the at least one UL
grant) at time T4 in FIG. 24.

[0512] In an example, in response to the completing the
two-step random-access procedure (e.g., successfully or
unsuccessfully) and the two-step random-access procedure
being the contention-free random-access procedure (e.g.,
initiated by handover, system information request, PDCCH
order), the wireless device may clear the at least one UL
radio resource (or clear the at least one UL grant) at time T4
in FIG. 24.

[0513] In an example, the base station may explicitly
indicate/signal the one or more uplink radio resources (or the
one or more uplink grants) for the contention-free random-
access procedure (e.g., handover, system information
request, PDCCH order, beam failure recovery procedure). In
an example, the base station may explicitly indicate/signal
the one or more uplink radio resources (or the one or more
uplink grants) in response to the two-step random-access
procedure being the contention-free random-access proce-
dure (e.g., handover, system information request, PDCCH
order, beam failure recovery procedure). In an example, for
the explicit indication/signaling, the base station may pro-
vide the wireless device with the one or more uplink radio
resources (or the one or more uplink grants) by an RRC
signaling, a DCI or MAC-CE.

[0514] In an example, the base station may explicitly
indicate/signal the at least one UL radio resource (or the at
least one UL grant) for the contention-free random-access
procedure (e.g., handover, system information request,
PDCCH order, beam failure recovery procedure). In an
example, the base station may explicitly indicate/signal the
at least one UL radio resource (or the at least one UL grant)
in response to the two-step random-access procedure being
the contention-free random-access procedure (e.g., han-
dover, system information request, PDCCH order, beam
failure recovery procedure). In an example, for the explicit
indication/signaling, the base station may provide the wire-
less device with the at least one UL radio resource (or the at
least one UL grant) by an RRC signaling, a DCI or MAC-
CE.

[0515] Inan example, when the wireless device completes
the two-step random-access procedure (e.g., successfully or
unsuccessfully) and the two-step random-access procedure
is the contention-free random-access procedure (e.g., initi-
ated by handover, system information request, PDCCH
order), the wireless device may clear the one or more uplink
radio resources (or clear the one or more uplink grants) at
time T4 in FIG. 24 in response to the base station explicitly

Dec. 30, 2021

indicating/signalling the one or more uplink radio resources
(or the one or more uplink grants) for the two-step random-
access procedure. In an example, the wireless device may
not initiate the two-step random-access procedure (or the
contention-free random-access procedure) for a beam failure
recovery procedure of the cell.

[0516] Inan example, when the wireless device completes
the two-step random-access procedure (e.g., successfully or
unsuccessfully) and the two-step random-access procedure
is the contention-free random-access procedure (e.g., initi-
ated by handover, system information request, PDCCH
order), the wireless device may clear the at least one UL
radio resource (or the at least one UL grant) at time T4 in
FIG. 24 in response to the base station explicitly indicating/
signaling the at least one UL radio resource (or the at least
one UL grant) for the two-step random-access procedure. In
an example, the wireless device may not initiate the two-step
random-access procedure (or the contention-free random-
access procedure) for a beam failure recovery procedure of
the cell.

[0517] In an example, the clearing the at least one UL
radio resource (or the at least one UL grant) may comprise
that the wireless device may not transmit a transport block
via the at least one UL radio resource indicated by the at
least one UL grant. In an example, the wireless device may
not transmit a transport block via the at least one UL radio
when the wireless device initiates a new random-access
procedure. In an example, the base station may assign/
allocated the at least one UL radio resource to a second
wireless device. If a wireless device does not clear the at
least one UL radio resource, the wireless device may trans-
mit a transport block via the at least one UL radio resource
resulting in a collision with the second wireless device. In an
example, the clearing the at least one UL radio resource (or
the at least one UL grant) may comprise that the wireless
device may not use the at least one UL grant for an uplink
transmission of a transport block. In an example, the clear-
ing the at least one UL radio resource (or the at least one UL
grant) may comprise releasing the at least one UL radio
resource (or the at least one UL grant).

[0518] In an example, the clearing the one or more uplink
radio resources (or clear the one or more uplink grants) may
comprise that the wireless device may not transmit a trans-
port block via the one or more uplink radio resources
indicated by the one or more uplink grants. In an example,
the clearing the one or more uplink radio resources (or clear
the one or more uplink grants) may comprise that the
wireless device may not transmit a transport block via an
uplink radio resource of the one or more uplink radio
resources indicated by an uplink grant of the one or more
uplink grants. In an example, the base station may assign/
allocated the one or more uplink radio resources to at least
one wireless device. If a wireless device does not clear the
one or more uplink radio resources, the wireless device may
transmit a transport block via the one or more uplink radio
resources resulting in a collision with the at least one
wireless device. In an example, the clearing the one or more
uplink radio resources (or the one or more uplink grants)
may comprise that the wireless device may not use the one
or more uplink grants for an uplink transmission of a
transport block. In an example, the clearing the one or more
uplink radio resources (or the one or more uplink grants)
may comprise releasing the one or more uplink radio
resources (or the one or more uplink grants).
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[0519] In an example, the releasing an uplink resource (or
an uplink grant) may comprise that the wireless device
releases a configuration of the uplink resource (or the uplink
grant). In an example, the base station may reconfigure (or
reschedule) the wireless device with the uplink resource (or
the uplink grant) via an explicit message, PDCCH signaling,
MAC CE, RRC message etc. to enable the wireless device
to use the uplink resource (or the uplink grant) again.
[0520] FIG. 26 shows an example flowchart of a random-
access procedure as per an aspect of an embodiment of the
present disclosure.

[0521] FIG. 27 shows an example of a random-access
procedure as per an aspect of an embodiment of the present
disclosure.

[0522] In an example, the step at time T0 in FIG. 27 is the
same as the step at time T0 in FIG. 24. The discussions for
the step at time T0 in FIG. 24 apply to the step at time T0
in FIG. 27.

[0523] Inan example, a wireless device may receive, from
a base station, one or more configuration parameters for a
two-step random-access (RA) procedure of a cell (e.g.,
PCell, SCell) at time T0 in FIG. 27. In an example, the one
or more configuration parameters may indicate one or more
PRACH resources (e.g., PRACH resources in FIG. 27). In
an example, the one or more configuration parameters may
indicate one or more uplink radio resources (or one or more
uplink grants). The one or more uplink radio resources are
Uplink resources in FIG. 27.

[0524] Inanexample, a higher (or upper) layer (e.g., RRC,
MAC) of the wireless device may request, from a lower
layer (e.g., MAC, PHY) of the wireless device, a reset of a
MAC entity of the wireless device (e.g., MAC reset request
in FIG. 27) at time T1 in FIG. 27.

[0525] In an example, the two-step random-access proce-
dure may be a contention-free random-access procedure. In
an example, the base station may explicitly (e.g., by a higher
layer parameter rach-ConfigDedicated, RRC signaling,
BeamFailureRecoveryConfig, SI-Schedulinglnfo, DCI,
MAC CE, etc) indicate/signal the one or more PRACH
resources for the contention-free random-access procedure
(e.g., handover, system information request, PDCCH order,
beam failure recovery procedure). In an example, the two-
step random-access procedure may be a contention-free
random-access procedure. In an example, the base station
may explicitly indicate/signal the one or more PRACH
resources in response to the two-step random-access proce-
dure being the contention-free random-access procedure.
[0526] In an example, the two-step random-access proce-
dure may be a contention-free random-access procedure. In
an example, the base station may explicitly indicate/signal
(e.g., by a PDCCH order) the at least one preamble (e.g.,
ra-Preamblelndex) for the contention-free random-access
procedure. In an example, the base station may explicitly
indicate/signal the at least one preamble in response to the
two-step random-access procedure being the contention-free
random-access procedure.

[0527] In an example, when the higher layer (e.g., RRC,
MAC) of the wireless device requests, from the lower layer
(e.g., MAC, PHY) of the wireless device, the reset of the
MAC entity, in response to the base station explicitly
indicating/signalling the one or more PRACH resources for
the two-step random-access procedure (e.g., the contention-
free random-access procedure initiated by e.g., handover,
system information request, PDCCH order, beam failure
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recovery procedure), the wireless device may discard the
one or more PRACH resources. In an example, when the
wireless device discards the one or more PRACH resources,
in response to the one or more associations/mappings
between the one or more uplink radio resources (or the one
or more uplink grants) and the one or more PRACH
resources, the wireless device may clear the one or more
uplink radio resources (or clear the one or more uplink
grants) at time T1 in FIG. 27.

[0528] Inan example, in response to the higher layer (e.g.,
RRC, MAC) of the wireless device requesting, from the
lower layer (e.g., MAC, PHY) of the wireless device, the
reset of the MAC entity and the base station explicitly
indicating/signalling the one or more PRACH resources for
the two-step random-access procedure, the wireless device
may clear the one or more uplink radio resources (or clear
the one or more uplink grants) at time T1 in FIG. 27.
[0529] In an example, when the higher layer (e.g., RRC,
MAC) of the wireless device requests, from the lower layer
(e.g., MAC, PHY) of the wireless device, the reset of the
MAC entity, in response to the base station explicitly
indicating/signalling the at least one preamble of the
PRACH resource for the two-step random-access procedure
(e.g., the contention-free random-access procedure initiated
by e.g., handover, system information request, PDCCH
order, beam failure recovery procedure), the wireless device
may discard the PRACH resource. In an example, when the
wireless device discards the PRACH resource, in response
to the PRACH resource being associated/mapped with the at
least one UL radio resource (or the at least one UL grant), the
wireless device may clear the at least one UL radio resource
(or clear the at least one UL grant) at time T1 in FIG. 27.
[0530] Inan example, in response to the higher layer (e.g.,
RRC, MAC) of the wireless device requesting, from the
lower layer (e.g., MAC, PHY) of the wireless device, the
reset of the MAC entity and the base station explicitly
indicating/signalling the at least one preamble of the
PRACH resource for the two-step random-access procedure,
the wireless device may clear the at least one UL radio
resource (or clear the at least one UL grant) at time T1 in
FIG. 27.

[0531] In an example, the base station may explicitly
indicate/signal the one or more uplink radio resources (or the
one or more uplink grants) for the contention-free random-
access procedure (e.g., handover, system information
request, PDCCH order, beam failure recovery procedure). In
an example, the base station may explicitly indicate/signal
the one or more uplink radio resources (or the one or more
uplink grants) in response to the two-step random-access
procedure being the contention-free random-access proce-
dure. In an example, for the explicit indication/signaling, the
base station may provide the wireless device with the one or
more uplink radio resources (or the one or more uplink
grants) by an RRC signaling, a DCI or MAC-CE.

[0532] In an example, the base station may explicitly
indicate/signal the at least one UL radio resource (or the at
least one UL grant) for the contention-free random-access
procedure (e.g., handover, system information request,
PDCCH order, beam failure recovery procedure). In an
example, the base station may explicitly indicate/signal the
at least one UL radio resource (or the at least one UL grant)
in response to the two-step random-access procedure being
the contention-free random-access procedure. In an
example, for the explicit indication/signaling, the base sta-
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tion may provide the wireless device with the at least one UL
radio resource (or the at least one UL grant) by an RRC
signaling, a DCI or MAC-CE.

[0533] In an example, when the higher layer (e.g., RRC,
MAC) of the wireless device requests, from the lower layer
(e.g., MAC, PHY) of the wireless device, the reset of the
MAC entity, the wireless device may clear the one or more
uplink radio resources (or clear the one or more uplink
grants) at time T1 in FIG. 27 in response to the base station
explicitly indicating/signalling the one or more uplink radio
resources (or the one or more uplink grants) for the two-step
random-access procedure (e.g., the contention-free random-
access procedure initiated by e.g., handover, system infor-
mation request, PDCCH order, beam failure recovery pro-
cedure).

[0534] In an example, when the higher layer (e.g., RRC,
MAC) of the wireless device requests, from the lower layer
(e.g., MAC, PHY) of the wireless device, the reset of the
MAC entity, the wireless device may clear the at least one
UL radio resource (or the at least one UL grant) at time T1
in FIG. 27 in response to the base station explicitly indicat-
ing/signalling the at least one UL radio resource (or the at
least one UL grant) for the two-step random-access proce-
dure (e.g., the contention-free random-access procedure
initiated by e.g., handover, system information request,
PDCCH order, beam failure recovery procedure).

[0535] FIG. 28 shows an example flowchart of a random-
access procedure as per an aspect of an embodiment of the
present disclosure.

[0536] FIG. 29 shows an example of a random-access
procedure as per an aspect of an embodiment of the present
disclosure.

[0537] Inan example, a wireless device may receive, from
a base station, one or more configuration parameters for a
two-step random-access (RA) procedure of a BWP (e.g., UL
BWP) of a cell (e.g., PCell, SCell) at time T0 in FIG. 29. In
an example, the one or more configuration parameters may
indicate one or more PRACH resources (e.g., PRACH
resources in FIG. 29). In an example, the one or more
configuration parameters may indicate one or more uplink
radio resources (or one or more uplink grants) for the BWP
of the cell. The one or more uplink radio resources are
Uplink resources in FIG. 29.

[0538] In an example, the one or more configuration
parameters may indicate one or more associations/mappings
between the one or more uplink radio resources (or the one
or more uplink grants) and the one or more PRACH
resources (e.g., the associations/mappings discussed in FIG.
24 and FIG. 25).

[0539] In an example, the two-step random-access proce-
dure may be a contention-free random-access procedure. In
an example, the base station may explicitly (e.g., RRC
signaling, BeamFailureRecoveryConfig, SI-SchedulingInfo,
MAC CE, DCI) indicate/signal the one or more PRACH
resources for the contention-free random-access procedure
(e.g., handover, system information request, PDCCH order,
beam failure recovery procedure). In an example, the base
station may explicitly indicate/signal the one or more
PRACH resources in response to the two-step random-
access procedure being the contention-free random-access
procedure.

[0540] In an example, the BWP may be an active BWP of
the cell (e.g., the first downlink BWP as the active downlink
BWP of the cell, the second uplink BWP as the active uplink
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BWP of the cell). In an example, the wireless device may
switch from the BWP to a second BWP of the cell. In an
example, the switching may be initiated in response to
receiving a DCI indicating the second BWP, or receiving an
RRC signaling indicating the second BWP, or an expiry of
a BWP inactivity timer of the cell, or initiating a random-
access procedure. In an example, the switching from the
BWP to the second BWP may comprise activating the
second BWP of the cell. In an example, the switching from
the BWP to the second BWP may comprise deactivating the
BWP of'the cell. In an example, the switching from the BWP
to the second BWP may comprise setting the second BWP
as a second active BWP of the cell.

[0541] In an example, when the wireless device deacti-
vates the BWP, the wireless device may keep/suspend the
one or more PRACH resources on the BWP at time T1 in
FIG. 29. In an example, in response to the keeping/suspend-
ing, the wireless device may use the one or more PRACH
resources (e.g., configured for a beam failure recovery
procedure) when the BWP is activated again.

[0542] In an example, when the wireless device deacti-
vates the BWP, the wireless device may not discard the one
or more PRACH resources on the BWP at time T1 in FIG.
29. In an example, in response to the not discarding, the
wireless device may use the one or more PRACH resources
(e.g., configured for a beam failure recovery procedure)
when the BWP is activated again.

[0543] In an example, in response to the deactivating the
BWP, the wireless device may suspend the one or more
uplink radio resources (or the one or more uplink grants) on
the BWP at time T1 in FIG. 29.

[0544] In an example, when the wireless device deacti-
vates the BWP and does not discard the one or more PRACH
resources on the BWP, in response to the (existing) one or
more associations/mappings between the one or more uplink
radio resources (or the one or more uplink grants) and the
one or more PRACH resources, the wireless device may
suspend the one or more uplink radio resources (or the one
or more uplink grants) on the BWP at time T1 in FIG. 29.
[0545] In an example, in response to the deactivating the
BWP, the wireless device may suspend the one or more
uplink radio resources (or the one or more uplink grants) on
the BWP at time T1 in FIG. 29. In an example, the wireless
device may use the one or more PRACH resources for a
procedure of the cell (e.g., a beam failure recovery proce-
dure of the cell). In an example, based on the (existing) one
or more associations/mappings between the one or more
uplink radio resources (or the one or more uplink grants) and
the one or more PRACH resources, the wireless device may
use the one or more uplink radio resources (or the one or
more uplink grants) for the procedure.

[0546] In an example, if the wireless device does not
suspend the one or more uplink radio resources, the wireless
device may not use the one or more uplink radio resources
(or the one or more uplink grants) associated/mapped with/
to the one or more PRACH resources when the BWP is
activated again. In an example, when the wireless device
does not suspend the one or more uplink radio resources, the
base station may transmit a configuration message, to the
wireless device, to reconfigure the one or more uplink radio
resources (or the one or more uplink grants) increasing the
overhead and signaling messages/exchange.

[0547] Inan example, the second BWP may be the second
active BWP of the cell. In an example, the wireless device
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may switch from the second BWP to the BWP. In an
example, the switching may be initiated in response to
receiving a second DCI indicating the BWP, or receiving a
second RRC signaling indicating the BWP, or an expiry of
a BWP inactivity timer of the cell or initiating a second
random-access procedure. In an example, the switching
from the second BWP to the BWP may comprise activating
the BWP of the cell. In an example, the switching from the
second BWP to the BWP may comprise deactivating the
second BWP of the cell. In an example, the switching from
the second BWP to the BWP may comprise setting the BWP
as the active BWP of the cell.

[0548] In an example, in response to the activating the
BWP, the wireless device may initialize or reinitialize the
(suspended) one or more uplink radio resources (or the one
or more uplink grants) on the BWP at time T1 in FIG. 29.

[0549] In an example, the suspending the one or more
uplink radio resources (or the one or more uplink grants) on
the BWP may comprise that the wireless device keeps a
configuration of the one or more uplink radio resources (or
the one or more uplink grants) on the BWP. In an example,
the suspending the one or more uplink radio resources (or
the one or more uplink grants) on the BWP may comprise
that the wireless device is not allowed to use the one or more
uplink radio resources (or the one or more uplink grants) on
the BWP when the BWP is deactivated. In an example, the
wireless device may resume using the one or more uplink
radio resources (or the one or more uplink grants) on the
BWP in response to the BWP being activated (e.g., being the
active BWP of the cell).

[0550] In an example, a wireless device may trigger a
scheduling request (SR) for requesting UL-SCH resource
when the wireless device has a new uplink transmission. In
an example, a base station may transmit, to the wireless
device, at least one message comprising parameters indicat-
ing zero, one or more SR configurations. An SR configura-
tion may comprise a set of PUCCH resources for an SR
transmission on one or more BWPs and/or on one or more
cells. An SR configuration may correspond to one or more
logical channels. A logical channel may be mapped to zero
or one SR configuration configured by the at least one
message. An SR configuration of a logical channel (LCH)
that triggers a buffer status report (BSR) may be considered
as a corresponding SR configuration for a triggered SR.

[0551] In an example, for an SR configuration, the at least
one message may further comprise one or more parameters
indicating at least one of: a SR prohibit timer; a maximum
number of SR transmission (e.g., sr-TransMax); a parameter
indicating a periodicity and offset of an SR transmission;
and/or PUCCH resources. In an example, the SR prohibit
timer may be a duration during which the wireless device
may be not allowed to transmit the SR. In an example, the
maximum number of SR transmission may be a transmission
number for which the wireless device may be allowed to
transmit the SR at most.

[0552] In an example, a wireless device may maintain a
SR transmission counter (e.g., SR_COUNTER) associated
with an SR configuration.

[0553] In an example, if an SR of an SR configuration is
triggered, and there are no other SRs pending corresponding
to the (same) SR configuration, a wireless device may set the
SR_COUNTER of the SR configuration to a first value (e.g.,
0).
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[0554] Inan example, if there is at least one valid PUCCH
resource for the (pending) SR, a wireless device may deter-
mine an SR transmission occasion on the at least one valid
PUCCH resource of the PUCCH resources. In an example,
if the at least one valid PUCCH resource for the SR
transmission occasion does not overlap with a measurement
gap; and if the at least one valid PUCCH resource for the SR
transmission occasion does not overlap with an uplink
shared channel (UL-SCH) resource; if the SR_COUNTER is
less than the maximum number of SR transmission, the
wireless device may increment the SR_COUNTER (e.g., by
one), instruct the physical layer of the wireless device to
signal the SR on the at least one valid PUCCH resource for
the SR. The physical layer of the wireless device may
transmit a PUCCH on the at least one valid PUCCH resource
for the SR. The wireless device may monitor a PDCCH for
detecting a DCI for uplink grant in response to transmitting
the PUCCH.

[0555] In an example, if a wireless device receives one or
more uplink grants which may accommodate all pending
data available for transmission, the wireless device may
cancel the pending SR.

[0556] In an example, if the wireless device may not
receive one or more uplink grants which may accommodate
all pending data available for the new uplink transmission,
the wireless device may repeat one or more actions com-
prising: determining at least one valid PUCCH resource;
checking whether the SR prohibit timer is running; whether
the SR_COUNTER is equal or greater than the maximum
number of SR transmission; incrementing the SR_COUN-
TER, transmitting the SR and starting the SR prohibit timer;
monitoring a PDCCH for one or more uplink grants.

[0557] In an example, the SR_COUNTER may indicate a
number being equal to or greater than the maximum number
of SR transmission.

[0558] In response to the SR_COUNTER indicating the
number being equal to or greater than the maximum number
of SR transmission, the wireless device may clear one or
more configured uplink grants (e.g., configured grant Type 1,
configured grant Type 2).

[0559] In response to the SR_COUNTER indicating the
number being equal to or greater than the maximum number
of SR transmission, the wireless device may clear the one or
more uplink grants. In an example, the base station may
configure the one or more uplink grants for the two-step
random-access procedure.

[0560] In an example, the one or more uplink radio
resources (or the one or more uplink grants) may be specific/
dedicated to the wireless device. In an example, the one or
more uplink radio resources (or the one or more uplink
grants) being specific/dedicated to the wireless device may
comprise that the one or more uplink radio resources (or the
one or more uplink grants) are not shared by another
wireless device (different than the wireless device). In an
example, the wireless device may use the one or more uplink
resources for a two-step random-access procedure.

[0561] In an example, in response to the SR_COUNTER
indicating the number being equal to or greater than the
maximum number of SR transmission, the wireless device
may not clear the one or more uplink grants.

[0562] In an example, in response to the SR_COUNTER
indicating the number being equal to or greater than the
maximum number of SR transmission, the wireless device
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may initiate a second random access procedure on a second
cell (e.g., SpCell), and/or cancel the pending SR.

[0563] In an example, if the wireless device clears the one
or more uplink grants in response to the SR_COUNTER
indicating the number being equal to or greater than the
maximum number of SR transmission, the wireless device
may not use the one or more uplink radio resources (or the
one or more uplink grants) for the second random-access
procedure. In an example, the wireless device may not
initiate a two-step random-access procedure in response to
the clearing the one or more uplink radio resources (or the
one or more uplink grants). In an example, the second
random-access procedure may not be a two-step random-
access procedure. This may result in a latency to acquire an
uplink grant. This may introduce a delay. In an example, the
second random-access procedure may be a four-step ran-
dom-access procedure, which may have a longer duration
than a two-step random-access procedure.

[0564] In an example, a wireless device may receive, e.g.,
from a base station, configuration parameters of one or more
cells. The configuration parameters may indicate periodic
uplink PUSCH resources for a bundle of a configured uplink
grant for a cell. The bundle of the configured uplink grant
may be for an ultra-reliable and low latency communication
(uURLLC) service, a V2X service, an loT service, and/or the
like. For example, when the wireless device has a transport
block (TB) for an uRLLC service, the wireless device may
transmit the TB via an uplink resource (of an uplink grant)
of the periodic uplink resources of the bundle of the con-
figured uplink grant. In an example, based on the configured
uplink grant being for the uRLLC service, the configured
uplink grant may be mapped to a logical channel with a high
logical channel priority. Based on the configured uplink
grant being mapped to the logical channel with the high
logical channel priority, a transmission of the TB for an
uRLLC service via the uplink resource may have a higher
priority. For example, the wireless device may transmit the
TB with the higher priority when the uplink resource to
transmit the TB overlaps with another uplink resource of
another uplink transmission with a lower priority. Config-
ured grants provide periodic resources to the wireless device
when the wireless device is in connected mode and its uplink
signals are time aligned. In an example, configured grants
may not be suitable when the wireless device is not time
aligned and/or when traffic pattern is not suitable for trans-
mission via configured grant resources.

[0565] In an example, the wireless device may receive,
e.g., from a base station, configuration parameters indicate
PUSCH resources for transmission of msgA payloads for
two-step random-access procedures. For example, when the
wireless device initiates a two-step random-access proce-
dure, the wireless device may select/determine a PUSCH
resource, among the PUSCH resources, to transmit msgA
payload of the two-step random-access procedure. PUSCH
resources for transmission of msgA payloads may be used
for transmission of one or more packets of an ultra-reliable
and low latency communication (URLLC) service, a V2X
service, an IoT service, and/or the like. msgA payloads are
transmitted with a preamble and can be transmitted even
when the UE is not time aligned. In an example, PUSCH
resources for transmission of msgA payloads may not be
suitable when the wireless device is time aligned and/or
when traffic pattern is not suitable for transmission via msgA
payload.
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[0566] In an example embodiment, a base station may
provide an enhanced configuration for a UE, in which the
periodic uplink resources of the configured uplink grant and
the PUSCH resources of the two-step random-access pro-
cedure are configured on the same cell. This enhanced
configuration provides additional resources to the wireless
device and the base station to transmit short and/or periodic
packets depending on traffic type, radio link quality, and/or
time alignment. In an example embodiment, configuration
parameters may indicate periodic uplink PUSCH resources
for the bundle of a configured uplink grant and PUSCH
resources for transmission of msgA payloads for two-step
random-access procedures on the same cell. This configu-
ration may increase signaling overhead; however, it
enhances uplink transmission opportunities and/or reduces
transmission delay.

[0567] In an example, the base station may configure the
periodic uplink resources of the configured uplink grant and
the PUSCH resources of the two-step random-access pro-
cedure such that they do not overlap in time. This may limit
flexibility in configuring both a bundle of configured uplink
grant and the PUSCH resources of the two-step random-
access procedure for the same cell in order to simplify UE
processes for uplink transmissions. However, configuring
non-overlapping resources may increase the waiting time (or
transmission delay) of the wireless device to transmit for the
configured uplink grant and/or the two-step random-access
procedure. Configuring non-overlapping resources may also
reduce uplink spectral efficiency (e.g. more resources are
dedicated to configured grant and msgA payload).

[0568] In an example embodiment, a base station may
provide an enhanced configuration for a UE, in which
overlapping radio resources are configured for the periodic
uplink resources of the configured uplink grant and the
PUSCH resources of the two-step random-access procedure
on the same cell. This enhanced configuration may reduce
transmission delay and increase spectral efficiency, since the
base station has more flexibility on how to configure these
resources.

[0569] In an example, the base station may configure
overlapping resources for a bundle of configured uplink
grant and the PUSCH resources of the two-step random-
access procedure for the same cell. In an example, the
wireless device may have a TB to transmit for an uRLLC
service via a first PUSCH resource of the periodic uplink
resources of the configured uplink grant. During the same
time period, the wireless device may initiate a two-step
random-access procedure. The wireless device may select a
PUSCH resource, among the PUSCH resources, for trans-
mission of a msgA payload of the two-step random-access
procedure. The PUSCH resource may overlap in time (e.g.,
at least one symbol) with the first PUSCH resource of the
configured uplink grant. Transmission of two signals via
overlapping radio resources of a cell may require additional
transmit power amplifier and transceiver management capa-
bility (e.g. including multiple parallel transceiver modules)
and may increase uplink interference. In an example, trans-
mitting the TB for the configured uplink grant in parallel
with transmission or without transmission of msgA payload
may result uplink timing misalignment, increased interfer-
ence to other wireless devices and/or cells. This may
degrade the performance of other wireless devices. There is
a need to implement an enhanced procedure when an uplink
resource of the configured uplink grant overlaps in time with
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a PUSCH resource of a msgA payload transmission of the
two-step random-access procedure. Example embodiments
provides an enhanced mechanism for uplink transmission
when transmission of msgA payload via the PUSCH
resource and transmission of the TB via the uplink grant of
the configured uplink grant overlap in time.

[0570] In an example embodiment, the wireless device
may determine that a PUSCH duration of a configured
uplink grant overlaps with a transmission of a MsgA payload
via the first PUSCH resource of the same cell. Based on the
determining, the wireless device may ignore the configured
uplink grant by not transmitting via a PUSCH resource of
the configured uplink grant. The wireless device may pri-
oritize the transmission of the msgA payload when an uplink
resource an uplink grant of a bundle of the configured uplink
grant overlaps in time with a PUSCH resource of the msgA
payload transmission of the two-step random-access proce-
dure. This enhanced mechanism may result in dropping
transmission of a TB via an uplink grant of the configured
uplink grant; however, it increases uplink transmission effi-
ciency as described in the specification.

[0571] In an example, transmission of msgA payload may
enable the wireless device to obtain uplink timing adjust-
ment from the base station while transmitting an uplink
packet. In an example implementation, the wireless device
may obtain, via the two-step random-access procedure, a TA
value enabling the wireless device to be uplink synchronized
with the base station. Based on being uplink synchronized,
the wireless device may transmit, via the next non-overlap-
ping PUSCH resource of the configured uplink grant, the TB
for the configured uplink grant with an accurate timing
advance without incurring interference to other cells and/or
wireless devices. This may improve the performance of
cellular systems (decreased uplink interference, increased
successful reception of uplink transmissions, decreased
uplink retransmissions, decreased power consumption due
to decreased retransmissions, etc).

[0572] FIG. 30 and FIG. 31 show examples of a random-
access procedure as per an aspect of an embodiment of the
present disclosure. FIG. 32 and FIG. 33 show example
flowcharts of a random-access procedure disclosed in FIG.
30 and FIG. 31, respectively.

[0573] In an example, the steps at time T0 and T1 in FIG.
30 and in FIG. 31 are the same as the steps at time T0 and
T1 in FIG. 24. The discussions for the steps at time T0 and
T1 in FIG. 24 apply to the steps at time T0 and T1 in FIG.
30 and in FIG. 31.

[0574] Inan example, a wireless device may receive, from
a base station, one or more configuration parameters for a
two-step random-access (RA) procedure of a cell (e.g.,
PCell, SCell) at time T0 in FIG. 30 and in FIG. 31. In an
example, the one or more configuration parameters may
indicate one or more PRACH resources (e.g., PRACH
resources in FIG. 30 and in FIG. 31).

[0575] In an example, the one or more configuration
parameters may indicate one or more uplink radio resources
(Uplink (PUSCH) resources in FIG. 30 and in FIG. 31). For
example, in FIG. 30 and in FIG. 31, the one or more uplink
radio resources are Uplink resource-1, Uplink resource-2,
and Uplink resource-3. In an example, an uplink radio
resource of the one or more uplink radio resources may
indicate at least one frequency resource/occasion.

[0576] In an example, the one or more configuration
parameters may indicate one or more uplink grants (Uplink
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grants in FIG. 30 and in FIG. 31). For example, in FIG. 30
and in FIG. 31, the one or more uplink grants are Uplink
grant-1, Uplink grant-2, and Uplink grant-3. The one or
more uplink grants may indicate the one or more uplink
radio resources. In an example, the one or more uplink
grants indicating the one or more uplink radio resources may
comprise that an uplink grant of the one or more uplink
grants may indicate at least one time resource/occasion of
the one or more uplink radio resources. In an example, the
one or more uplink grants indicating the one or more uplink
radio resources may comprise that an uplink grant of the one
or more uplink grants may indicate at least one frequency
resource/occasion of the one or more uplink radio resources.
In an example, in FIG. 30 and in FIG. 31, Uplink grant-n
may indicate Uplink resource-n, n=1, 2, 3.

[0577] In an example, the one or more configuration
parameters may indicate one or more associations/mappings
between the one or more uplink radio resources (or the one
or more uplink grants) and the one or more PRACH
resources (e.g., the associations/mappings discussed in FIG.
24 and FIG. 25).

[0578] In an example, the wireless device may initiate a
two-step random-access procedure (e.g., contention-free
random-access procedure, contention-based random-access
procedure) for the cell at time T1 in FIG. 30 and in FIG. 31.
[0579] In an example, the wireless device may perform a
first random-access resource selection in response to the
initiating the two-step random-access procedure. In an
example, the wireless device may select a random-access
channel (PRACH) resource of the one or more PRACH
resources for the first random-access selection. In an
example, the PRACH resource may comprise at least one
preamble. In an example, the PRACH resource may com-
prise at least one PRACH occasion (e.g., time resource/
occasion, frequency resource/occasion, code).

[0580] In an example, when the wireless device performs
the first random-access resource selection for the two-step
random-access procedure, based on the one or more asso-
ciations/mappings (e.g., in FIG. 25), the wireless device may
determine/select at least one UL radio resource of the one or
more uplink radio resources (or determine/select at least one
UL grant of the one or more uplink grants) for an uplink
transmission of a transport block (e.g., Msg3, PUSCH). In
an example, the PRACH resource may be (e.g., one-to-one,
one-to-multi, multi-to-one) associated/mapped with the at
least one UL radio resource (or the at least one UL grant). In
an example, the at least one UL grant may indicate the at
least one UL radio resource. In an example, the at least one
UL radio resource may comprise at least one time resource/
occasion and/or at least one frequency resource/occasion. In
an example, the PRACH resource being associated/mapped
with the at least one UL radio resource (or the at least one
UL grant) may comprise the at least one preamble of the
PRACH resource being associated/mapped with the at least
one UL radio resource (or the at least one UL grant). In an
example, the PRACH resource being associated/mapped
with the at least one UL radio resource (or the at least one
UL grant) may comprise the at least one PRACH occasion
of'the PRACH resource being associated/mapped with the at
least one UL radio resource (or the at least one UL grant).
[0581] In an example, when the wireless device deter-
mines/selects, for the two-step random-access procedure,
the at least one UL grant (e.g., Uplink grant-2 in FIG. 30 and
FIG. 31) indicating the at least one UL radio resource (e.g.,
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Uplink resource-2 in FIG. 30 and FIG. 31), the wireless
device may determine that the at least one UL radio resource
of'the at least one UL grant overlaps with a second UL radio
resource (e.g., second PUSCH resource in FIG. 30 and FIG.
31) of a second UL grant (e.g., second uplink grant in FIG.
30 and in FIG. 31). In an example, the overlapping may be
in time (e.g., at least one symbol, at least one slot, at least
one subframe). In an example, the at least one UL radio
resource may be a first PUSCH resource.

[0582] In an example, the second UL radio resource may
not overlap in time with the at least one PRACH occasion of
the PRACH resource. In an example, the second UL radio
resource may not overlap with the at least one PRACH
occasion of the PRACH resource in at least one symbol
(e.g., OFDM symbol). In an example, the second UL radio
resource may not overlap with the at least one PRACH
occasion of the PRACH resource in at least one slot. In an
example, the second UL radio resource may not overlap with
the at least one PRACH occasion of the PRACH resource in
at least one subframe.

[0583] In an example, when the wireless device deter-
mines/selects the at least one UL grant (e.g., Uplink grant-2
in FIG. 30 and FIG. 31) indicating the at least one UL radio
resource (e.g., Uplink resource-2 in FIG. 30 and FIG. 31),
the wireless device may determine that a first duration of the
at least one UL radio resource overlaps with a second
duration of a second UL radio resource (e.g., second PUSCH
resource in FIG. 30 and in FIG. 31) of a second UL grant
(e.g., second uplink grant in FIG. 30 and in FIG. 31). In an
example, the overlapping (e.g., overlap in FIG. 30 and in
FIG. 31) may be in time (e.g., at least one symbol, at least
one slot, at least one subframe). In an example, the at least
one UL radio resource may be a first PUSCH resource.
[0584] In an example, the wireless device may receive the
second UL grant on at least one PDCCH for the cell. In an
example, the second UL grant may be a dynamic UL grant.
[0585] In an example, the wireless device may receive the
second UL grant in a random-access response for the cell.
[0586] In an example, the second UL grant may be a
configured uplink grant (e.g., configured grant Type 1,
configured grant Type 2) for the cell. In an example, the
second UL grant may be a part of a bundle of a configured
uplink grant (e.g., configured grant Type 1, configured grant
Type 2) for the cell.

[0587] In an example, the second UL grant may schedule
a second uplink transmission of a second transport block on
the second UL radio resource.

[0588] In an example, in response to the determining the
at least one UL radio resource of the at least one UL grant
overlapping with the second UL radio resource of the second
UL grant, the wireless device may ignore the second UL
grant (e.g., Second uplink grant in FIG. 30) at time T2 in
FIG. 30.

[0589] In an example, in response to the determining the
first duration of the at least one UL radio resource overlap-
ping with the second duration of the second UL radio
resource of the second UL grant, the wireless device may
ignore the second UL grant (e.g., Second uplink grant in
FIG. 30) at time T2 in FIG. 30.

[0590] In an example, the ignoring the second UL grant
may comprise not transmitting the second transport block
via the second UL radio resource indicated by the second UL
grant. In an example, the ignoring the second UL grant may
comprise dropping the second transmission of the second
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transport block. In an example, the ignoring the second UL
grant may comprise transmitting, via the at least one UL
radio resource (e.g., Uplink resource-2 in FIG. 30) indicated
by the at least one UL grant, the transport block for the
two-step random-access procedure.

[0591] In an example, in response to the determining the
at least one UL radio resource of the at least one UL grant
overlapping with the second UL radio resource of the second
UL grant, the wireless device may ignore the at least one UL
grant (e.g., Uplink grant-2 in FIG. 31) at time T2 in FIG. 31.
[0592] In an example, in response to the determining the
first duration of the at least one UL radio resource overlap-
ping with the second duration of the second UL radio
resource of the second UL grant, the wireless device may
ignore the at least one UL grant (e.g., Uplink grant-2 in FIG.
31) at time T2 in FIG. 31.

[0593] In an example, the ignoring the at least one UL
grant may comprise transmitting, via the second UL radio
resource (e.g., second PUSCH resource in FIG. 31) indi-
cated by the second UL grant, the second transport block for
the second uplink transmission. In an example, the ignoring
the at least one UL grant may comprise not transmitting, via
the at least one UL radio resource (e.g., Uplink resource-2 in
FIG. 31) indicated by the at least one UL grant, the transport
block for the two-step random-access procedure. In an
example, the ignoring the at least one UL grant may com-
prise dropping the uplink transmission of the transport
block.

[0594] In an example, the second UL grant may accom-
modate the second transport block for the second uplink
transmission and the transport block for the uplink trans-
mission of the two-step random-access procedure. In an
example, when the wireless device ignores the at least one
UL grant, the wireless device may transmit, via the second
UL radio resource indicated by the second UL grant, the
second transport block and the transport block in response to
the second UL grant accommodating the second transport
block and the transport block.

[0595] In an example, in response to the determining the
at least one UL radio resource (e.g., Uplink resource-2 in
FIG. 30) of the at least one UL grant (e.g., Uplink grant-2 in
FIG. 30) overlapping with the second UL radio resource
(e.g., second PUSCH resource in FIG. 30) of the second UL
grant (e.g., second uplink grant in FIG. 30), the wireless
device may override the second UL grant with the at least
one UL grant at time T2 in FIG. 30.

[0596] In an example, in response to the determining the
first duration of the at least one UL radio resource (e.g.,
Uplink resource-2 in FIG. 30) overlapping with the second
duration of the second UL radio resource (e.g., second
PUSCH resource in FIG. 30) of the second UL grant, the
wireless device may override the second UL grant with the
at least one UL grant at time T2 in FIG. 30.

[0597] In an example, the overriding the second UL grant
with the at least one UL grant may comprise not transmit-
ting, via the second UL radio resource (e.g., second PUSCH
resource in FIG. 30) indicated by the second UL grant, the
second transport block for the second uplink transmission.
In an example, the overriding the second UL grant with the
at least one UL grant may comprise dropping the second
transmission of the second transport block. In an example,
the overriding the second UL grant with the at least one UL
grant may comprise transmitting, via the at least one UL
radio resource (e.g., Uplink resource-2 in FIG. 30) indicated
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by the at least one UL grant, the transport block for the
two-step random-access procedure.

[0598] In an example, in response to the determining the
at least one UL radio resource (e.g., Uplink resource-2 in
FIG. 31) of the at least one UL grant (e.g., Uplink grant-2 in
FIG. 31) overlapping with the second UL radio resource
(e.g., second PUSCH resource in FIG. 31) of the second UL
grant (e.g., second uplink grant in FIG. 31), the wireless
device may override the at least one UL grant with the
second UL grant at time T2 in FIG. 31.

[0599] In an example, in response to the determining the
first duration of the at least one UL radio resource (e.g.,
Uplink resource-2 in FIG. 31) overlapping with the second
duration of the second UL radio resource (e.g., second
PUSCH resource in FIG. 31) of the second UL grant (e.g.,
second uplink grant in FIG. 31), the wireless device may
override the at least one UL grant with the second UL grant
at time T2 in FIG. 31.

[0600] In an example, the overriding the at least one UL
grant with the second UL grant may comprise transmitting,
via the second UL radio resource indicated by the second UL
grant, the second transport block for the second uplink
transmission. In an example, the overriding the at least one
UL grant with the second UL grant may comprise not
transmitting, via the at least one UL radio resource indicated
by the at least one UL grant, the transport block for the
two-step random-access procedure. In an example, the over-
riding the at least one UL grant with the second UL grant
may comprise dropping the uplink transmission of the
transport block.

[0601] In an example, the second UL grant may accom-
modate the second transport block for the second uplink
transmission and the transport block for the uplink trans-
mission of the two-step random-access procedure. In an
example, when the wireless device overrides the at least one
UL grant with the second UL grant, the wireless device may
transmit, via the second UL radio resource indicated by the
second UL grant, the second transport block and the trans-
port block in response to the second UL grant accommo-
dating the second transport block and the transport block.
[0602] In an example, the wireless device may receive the
second UL grant in a DCI. The DCI may be with CRC
scrambled with a RNTI (e.g., RA-RNTI, C-RNTI or CS-
RNTTI) of the wireless device. In an example, when the at
least one UL radio resource of the at least one UL grant
overlaps with the second UL radio resource of the second
UL grant, the wireless device may be required to transmit the
at least one UL radio resource indicated by the at least one
UL grant and the second UL radio resource indicated by the
second UL grant concurrently on the cell (e.g., SpCell).
[0603] In an example, when the wireless device may not
transmit the at least one UL radio resource indicated by the
at least one UL grant and the second UL radio resource
indicated by the second UL grant concurrently on the cell,
the wireless device may continue with the second UL grant
for the RNTT of the wireless device at time T2 in FIG. 31.
[0604] In an example, the continuing with the second UL
grant for the RNTI may comprise transmitting, via the
second UL radio resource indicated by the second UL grant,
the second transport block for the second uplink transmis-
sion. In an example, the continuing with the second UL grant
for the RNTI may comprise not transmitting, via the at least
one UL radio resource indicated by the at least one UL grant,
the transport block for the two-step random-access proce-
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dure. In an example, the continuing with the second UL
grant for the RNTI may comprise dropping the uplink
transmission of the transport block.

[0605] In an example, the second UL grant may accom-
modate the second transport block for the second uplink
transmission and the transport block for the uplink trans-
mission of the two-step random-access procedure. In an
example, when the wireless device continues with the sec-
ond UL grant for the RNTIL the wireless device may
transmit, via the second UL radio resource indicated by the
second UL grant, the second transport block and the trans-
port block in response to the second UL grant accommo-
dating the second transport block and the transport block.
[0606] In an example, when the wireless device may not
transmit the at least one UL radio resource indicated by the
at least one UL grant and the second UL radio resource
indicated by the second UL grant concurrently on the cell,
the wireless device may continue with the at least one UL
grant at time T2 in FIG. 30.

[0607] In an example, the continuing with the at least one
UL grant may comprise not transmitting, via the second UL
radio resource indicated by the second UL grant, the second
transport block for the second uplink transmission. In an
example, the continuing with the at least one UL grant may
comprise dropping the second uplink transmission of the
second transport block. In an example, the continuing with
the at least one UL grant may comprise transmitting, via the
at least one UL radio resource indicated by the at least one
UL grant, the transport block for the two-step random-access
procedure.

[0608] In an example, when the at least one UL radio
resource of the at least one UL grant overlaps with the
second UL radio resource of the second UL grant, the
wireless device may ignore the second UL grant. In an
example, the wireless device may be uplink unsynchronized.
In an example, the wireless device may initiate the two-step
random-access procedure to be uplink synchronized. In an
example, the wireless device may obtain a timing advance
value (required for uplink synchronization) in the two-step
random-access procedure. In an example, the obtaining the
timing advance value may have a higher priority than the
second uplink transmission for the second transport block
via the second UL radio resource. In an example, the second
uplink transmission for the second transport block may be
for a data transmission. In response to the transmitting the
second transport block when the wireless device is uplink
unsynchronized, the decoding performance may deteriorate.
In an example, transmitting the second transport block when
the wireless device is uplink unsynchronized may result in
inter-symbol interference or inter-user interference. In an
example, ignoring the second UL grant and transmitting the
transport block via the at least one UL radio resource for the
two-step random-access procedure to obtain the timing-
advance value may improve the performance.

[0609] In an example, when the at least one UL radio
resource of the at least one UL grant overlaps with the
second UL radio resource of the second UL grant, the
wireless device may ignore the at least one UL grant. In an
example, the wireless device may initiate the two-step
random-access procedure to be uplink synchronized. In an
example, the wireless device may obtain a timing advance
value in the two-step random-access procedure. In an
example, the wireless device may operate in a small-cell. In
response to the operating in the small-cell, the obtaining the
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timing advance value may have a less priority than the
second uplink transmission for the second transport block
via the second UL radio resource. In an example, the second
uplink transmission for the second transport block may be
for a data transmission. In an example, the second uplink
transmission may be for an URLLC operation. In an
example, ignoring the at least one UL grant and transmitting
the second transport block via the second UL radio resource
may improve reduce the delay/latency of data transmission.
[0610] FIG. 34 is an example of a random-access proce-
dure as per an aspect of an example embodiment of the
present disclosure. According to an example embodiment, at
time T0, a wireless device may receive one or more radio
resource control (RRC) messages. The one or more RRC
messages may comprise one or more configuration param-
eters of a cell. The one or more configuration parameters
may indicate physical uplink shared channel (PUSCH)
resources for transmissions of message A (MsgA) payloads
of two-step random-access procedures of the cell (e.g.,
PUSCH resources in FIG. 34, PUSCH resource-1 for MsgA,
PUSCH resource-2 for MsgA, PUSCH resource-3 for MsgA
in FIG. 34). The wireless device may initiate a two-step
random-access procedure for the cell at time T1. A first
PUSCH resource of the PUSCH resources may be selected
based on initiating the two-step random-access procedure
for the cell. A determination may be made that a PUSCH
duration of a configured uplink grant (e.g., UL grant in FIG.
34) overlaps with a transmission of a MsgA payload via the
first PUSCH resource (e.g., at time T2). Based on the
determination, the configured uplink grant may be ignored
by not transmitting via a second PUSCH resource of the
configured uplink grant (e.g., at time T2). The one or more
configuration parameters may indicate a bundle of config-
ured uplink grant (e.g., Configured uplink grant at time T0
or UL grants in FIG. 34).

[0611] FIG. 35 is a flow diagram as per an aspect of an
example embodiment of the present disclosure. At 3510, a
wireless device may receive a bundle of a configured uplink
grant of a cell. At 3520, a determination may be made that
a physical uplink shared channel (PUSCH) duration of an
uplink grant of the bundle of the configured uplink grant
overlaps with a transmission of a message A (MsgA) pay-
load of a two-step random-access procedure of the cell. At
3530, based on the determination, the uplink grant may be
ignored by not transmitting via a second PUSCH resource of
the uplink grant.

[0612] According to an example embodiment, a wireless
device may receive one or more radio resource control
(RRC) messages. The one or more RRC messages may
comprise one or more configuration parameters of a cell.
The one or more configuration parameters may indicate
physical uplink shared channel (PUSCH) resources for
transmissions of message A (MsgA) payloads of two-step
random-access procedures of the cell. A first PUSCH
resource of the PUSCH resources may be selected based on
initiating a two-step random-access procedure for the cell. A
determination may be made that a PUSCH duration of a
configured uplink grant overlaps with a transmission of a
MsgA payload via the first PUSCH resource. Based on the
determination, the configured uplink grant may be ignored
by not transmitting via a second PUSCH resource of the
configured uplink grant.

[0613] According to an example embodiment, a determi-
nation may be made that a third PUSCH resource of a
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second configured uplink grant does not overlap with a
second transmission of a second MsgA payload of a second
two-step random-access procedure of the cell. Based on the
determination, the wireless device may transmit via the third
PUSCH resource of the second configured uplink grant.

[0614] According to an example embodiment, the config-
ured uplink grant may be a Type 1 configured uplink grant.
According to an example embodiment, the configured
uplink grant may be a Type 2 configured uplink grant.

[0615] According to an example embodiment, the config-
ured uplink grant may be a part of a bundle of a configured
uplink grant. According to an example embodiment, the one
or more configuration parameters may indicate the bundle of
the configured uplink grant. According to an example
embodiment, the configured uplink grant may be an uplink
grant of the bundle of the configured uplink grant.

[0616] According to an example embodiment, the PUSCH
duration overlapping with the transmission of the MsgA
payload via the first PUSCH resource may comprise that the
PUSCH duration overlaps with a first duration of the trans-
mission of the MsgA payload via the first PUSCH resource.

[0617] According to an example embodiment, the cell
may be an unlicensed cell.

[0618] According to an example embodiment, the one or
more configuration parameters may indicate, for the two-
step random-access procedure, one or more physical ran-
dom-access channel (PRACH) resources. According to an
example embodiment, the one or more configuration param-
eters may indicate, for the two-step random-access proce-
dure, one or more mappings between the one or more
PRACH resources and the PUSCH resources. According to
an example embodiment, the one or more mappings may be
one-to-one. According to an example embodiment, the one
or more mappings may be many-to-one. According to an
example embodiment, the one or more mappings may be
one-to-many. According to an example embodiment, a
PRACH resource of the one or more PRACH resources may
be selected for the two-step random-access procedure.
According to an example embodiment, the PRACH resource
may comprise a preamble. According to an example
embodiment, the PRACH resource may comprise a PRACH
occasion. According to an example embodiment, the select-
ing the first PUSCH resource may be based on the one or
more mappings. According to an example embodiment, the
first PUSCH resource may be selected based on the PRACH
resource being mapped to the first PUSCH resource.
According to an example embodiment, the PRACH resource
being mapped to the first PUSCH resource may comprise
that the PRACH occasion of the PRACH resource is mapped
to the first PUSCH resource. According to an example
embodiment, the PRACH resource being mapped to the first
PUSCH resource may comprise that the preamble of the
PRACH resource is mapped to the first PUSCH resource.
According to an example embodiment, the PUSCH duration
may not overlap with the PRACH occasion.

[0619] According to an example embodiment, the MsgA
payload may be transmitted via the first PUSCH resource
based on the ignoring the configured uplink grant.

[0620] According to an example embodiment, the two-
step random-access procedure may be a contention-free
random-access procedure. According to an example embodi-
ment, the two-step random-access procedure may be a
contention-based random-access procedure.
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[0621] According to an example embodiment, the PUSCH
duration overlapping with the transmission of the MsgA
payload may comprise that the PUSCH duration overlaps
with the transmission of the MsgA payload in at least one
symbol or in at least one slot or in at least one subframe.
[0622] According to an example embodiment, a wireless
device may receive one or more radio resource control
(RRC) messages. The one or more RRC messages may
comprise one or more configuration parameters of a cell.
The one or more configuration parameters may indicate
physical uplink shared channel (PUSCH) resources for
transmissions of message A (MsgA) payloads of two-step
random-access procedures of the cell. A first PUSCH
resource of the PUSCH resources may be selected based on
initiating a two-step random-access procedure for the cell. A
determination may be made that a PUSCH duration of an
uplink grant of a bundle of a configured uplink grant
overlaps with a transmission of a MsgA payload via the first
PUSCH resource. Based on the determination, the uplink
grant may be ignored by not transmitting via a second
PUSCH resource of the uplink grant.

[0623] According to an example embodiment, a wireless
device may select a first physical uplink shared channel
(PUSCH) resource for transmission of a message A (MsgA)
payload of a two-step random-access procedure of a cell. A
determination may be made that a PUSCH duration of an
uplink grant of a bundle of a configured uplink grant
overlaps with the transmission of the MsgA payload via the
first PUSCH resource. Based on the determination, the
uplink grant may be ignored by not transmitting via a second
PUSCH resource of the uplink grant.

[0624] According to an example embodiment, a wireless
device may determine that a physical uplink shared channel
(PUSCH) duration of an uplink grant of a bundle of a
configured uplink grant overlaps with a transmission of a
message A (MsgA) payload of a two-step random-access
procedure of a cell. Based on the determining, the uplink
grant may be ignored by not transmitting via a second
PUSCH resource of the uplink grant.

[0625] According to an example embodiment, a wireless
device may receive a bundle of a configured uplink grant of
a cell. A determination may be made that a physical uplink
shared channel (PUSCH) duration of an uplink grant of the
bundle of the configured uplink grant overlaps with a
transmission of a message A (MsgA) payload of a two-step
random-access procedure of the cell. Based on the determi-
nation, the uplink grant may be ignored by not transmitting
via a second PUSCH resource of the uplink grant.

[0626] According to an example embodiment, a determi-
nation may be made that a third PUSCH resource of a
second uplink grant of the bundle of the configured uplink
grant does not overlap with a second transmission of a
second MsgA payload of a second two-step random-access
procedure of the cell. Based on the determination, the
wireless device may transmit via the third PUSCH resource.
[0627] FIG. 36 is a flow diagram as per an aspect of an
example embodiment of the present disclosure. At 3610, a
wireless device may receive one or more messages. The one
or more messages may comprise one or more configuration
parameters of a cell. The one or more configuration param-
eters may indicate physical uplink shared channel (PUSCH)
resources for transmission of a message A (MsgA) payload
of'a two-step random-access procedure of the cell. At 3620,
the MsgA payload may be transmitted, via a first PUSCH
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resource of the PUSCH resources, for the two-step random-
access procedure. At 3630, a determination may be made
that the two-step random-access procedure is completed. At
3640, based on the determination, the PUSCH resources
may be released.

[0628] According to an example embodiment, a wireless
device may receive one or more messages. The one or more
messages may comprise one or more configuration param-
eters of a cell. The one or more configuration parameters
may indicate physical uplink shared channel (PUSCH)
resources for transmission of a message A (MsgA) payload
of a two-step random-access procedure of the cell. The
MsgA payload may be transmitted, via a first PUSCH
resource of the PUSCH resources, for the two-step random-
access procedure. A determination may be made that the
two-step random-access procedure is completed. At 3640,
based on the determination, the PUSCH resources may be
released.

[0629] According to an example embodiment, the com-
pleting the two-step random-access procedure may comprise
receiving a first physical downlink control channel
(PDCCH), for a first random-access response, identified by
a cell Radio Network Temporary Identifier (C-RNTI).
According to an example embodiment, the completing the
two-step random-access procedure may comprise receiving
a second PDCCH, for a second random-access response,
identified by a Radio Network Temporary Identifier (RNTTI).
According to an example embodiment, the completing the
two-step random-access procedure may comprise a pre-
amble transmission counter reaching a preamble maximum
transmission. According to an example embodiment, the
RNTI may be message B RNTI (MSGB-RNTTI).

[0630] According to an example embodiment, the one or
more configuration parameters may indicate one or more
physical random-access channel (PRACH) resources.
According to an example embodiment, the one or more
PRACH resources may be discarded based on the determi-
nation that the two-step random-access procedure is com-
pleted. According to an example embodiment, the releasing
the PUSCH resources may be further based on the discard-
ing the one or more PRACH resources.

[0631] According to an example embodiment, a PRACH
resource of the one or more PRACH resources may be
selected for the two-step random-access procedure. The
PRACH resource may comprise a preamble. The PRACH
resource may comprise a PRACH occasion. According to an
example embodiment, the preamble may be transmitted via
the PRACH occasion for the two-step random-access pro-
cedure. According to an example embodiment, the receiving
the second PDCCH for the second random-access response
may comprise receiving the second random-access response
scheduled by the second PDCCH. According to an example
embodiment, the receiving the second random-access
response may comprise receiving the second random-access
response corresponding to the preamble. According to an
example embodiment, the second random-access response
corresponding to the preamble may comprise that a random-
access preamble identity in the second random-access
response identifies the preamble.

[0632] According to an example embodiment, the one or
more configuration parameters may indicate one or more
mappings between the one or more PRACH resources and
the PUSCH resources. According to an example embodi-
ment, the one or more mappings may be one-to-one. Accord-
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ing to an example embodiment, the one or more mappings
may be many-to-one. According to an example embodiment,
the one or more mappings may be one-to-many. According
to an example embodiment, the first PUSCH resource may
be selected based on the one or more mappings. The PRACH
resource may be mapped to the first PUSCH resource.
According to an example embodiment, the PRACH resource
being mapped to the first PUSCH resource may comprise
that the PRACH occasion of the PRACH resource is mapped
to the first PUSCH resource. According to an example
embodiment, the PRACH resource being mapped to the first
PUSCH resource may comprise that the preamble of the
PRACH resource is mapped to the first PUSCH resource.
[0633] According to an example embodiment, the com-
pleting the two-step random-access procedure may comprise
receiving a first PDCCH, for a first random-access response,
identified by a C-RNTI. According to an example embodi-
ment, the completing the two-step random-access procedure
may comprise a preamble transmission counter reaching a
preamble maximum transmission. According to an example
embodiment, the receiving the first PDCCH for the first
random-access response may comprise receiving the first
random-access response scheduled by the first PDCCH.
According to an example embodiment, the first random-
access response may comprise a timing advance command
indicating a timing advance value. According to an example
embodiment, the first PDCCH may comprise an uplink
grant.

[0634] According to an example embodiment, the cell
may be an unlicensed cell.

[0635] According to an example embodiment, the two-
step random-access procedure may be a contention-free
two-step random-access procedure. According to an
example embodiment, the contention-free two-step random-
access procedure may not be initiated for a beam failure
recovery procedure of the cell.

[0636] According to an example embodiment, the releas-
ing the PUSCH resources may comprise not transmitting,
via a PUSCH resource of the PUSCH resources, a MsgA
payload. According to an example embodiment, the releas-
ing the PUSCH resources may comprise releasing a con-
figuration of the PUSCH resources. According to an
example embodiment, the releasing the PUSCH resources
may comprise releasing the one or more configurations
parameters indicating the PUSCH resources. According to
an example embodiment, one or more second messages
comprising one or more second configuration parameters
may be received after the releasing the configuration. The
one or more second configuration parameters may indicate
second PUSCH resources for transmission of a second
MsgA payload of a second two-step random-access proce-
dure of the cell. According to an example embodiment, the
second MsgA payload may be transmitted, via a second
PUSCH resource of the second PUSCH resources, for the
second two-step random-access procedure.

[0637] According to an example embodiment, the releas-
ing the PUSCH resources may comprise stopping transmit-
ting, via a PUSCH resource of the PUSCH resources, a
MsgA payload.

[0638] According to an example embodiment, the one or
more configuration parameters may indicate the preamble
maximum transmission.

[0639] According to an example embodiment, a wireless
device may receive one or more messages. The one or more
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messages may comprise one or more configuration param-
eters of a cell. The one or more configuration parameters
may indicate physical uplink shared channel (PUSCH)
resources for transmission of a message A (MsgA) payload
of a two-step random-access procedure of the cell. The
MsgA payload may be transmitted, via a first PUSCH
resource of the PUSCH resources, for the two-step random-
access procedure. The PUSCH resources may be released
based on receiving a first physical downlink control channel
(PDCCH), for a first random-access response, identified by
a cell Radio Network Temporary Identifier (C-RNTI). The
PUSCH resources may be released based on receiving a
second PDCCH, for a second random-access response,
identified by a message B Radio Network Temporary Iden-
tifier (MSGB-RNTI). The PUSCH resources may be
released based on a preamble transmission counter reaching
a preamble maximum transmission.

[0640] According to an example embodiment, a wireless
device may receive one or more messages. The one or more
messages may comprise one or more configuration param-
eters of a cell. The one or more configuration parameters
may indicate physical uplink shared channel (PUSCH)
resources for transmission of a message A (MsgA) payload
of a two-step random-access procedure of the cell. The
MsgA payload may be transmitted, via a first PUSCH
resource of the PUSCH resources, for the two-step random-
access procedure. The PUSCH resources may be released
based on receiving a first physical downlink control channel
(PDCCH), for a first random-access response, identified by
a cell Radio Network Temporary Identifier (C-RNTI). The
PUSCH resources may be released based on a preamble
transmission counter reaching a preamble maximum trans-
mission.

[0641] According to an example embodiment, a wireless
device may receive one or more messages. The one or more
messages may comprise one or more configuration param-
eters of a cell. The one or more configuration parameters
may indicate physical uplink shared channel (PUSCH)
resources for transmission of a message A (MsgA) payload
of a two-step random-access procedure of the cell. A deter-
mination may be made that a radio resource control (RRC)
layer of the wireless device requests resetting a medium
access control (MAC) layer of the wireless device. Based on
the determination, the MAC layer may be reset. The PUSCH
resources may be released based on the MAC layer being
reset.

[0642] According to an example embodiment, a wireless
device may receive one or more messages. The one or more
messages may comprise one or more configuration param-
eters of a cell. The one or more configuration parameters
may indicate physical uplink shared channel (PUSCH)
resources for transmission of a message A (MsgA) payload
of a two-step random-access procedure of the cell. A
medium access control (MAC) layer of the wireless device
may be reset. The MAC layer may be reset based on a
request by a radio resource control (RRC) layer of the
wireless device. The PUSCH resources may be released
based on the MAC layer being reset.

[0643] According to an example embodiment, a wireless
device may receive one or more messages. The one or more
messages may comprise one or more configuration param-
eters of a cell. The one or more configuration parameters
may indicate, for transmission of message A (MsgA) pay-
loads of two-step random-access procedures of the cell,
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physical uplink shared channel (PUSCH) resources on a first
uplink bandwidth part (BWP) of the cell. The first uplink
BWP of the cell may be activated. A MsgA payload may be
transmitted, via a first PUSCH resource of the PUSCH
resources, for a two-step random-access procedure of the
cell. The first uplink BWP may be deactivated. The first
uplink BWP may be deactivated based on switching from
the first uplink BWP to a second uplink BWP of the cell. The
PUSCH resources may be suspended based on the deacti-
vating.

[0644] According to an example embodiment, the sus-
pending the PUSCH resources may comprise keeping a
configuration of the PUSCH resources.

[0645] According to an example embodiment, the two-
step random-access procedure may be initiated for a beam
failure recovery procedure of the cell.

[0646] According to an example embodiment, the first
uplink BWP may be activated based on switching from the
second uplink BWP to the first uplink BWP. According to an
example embodiment, the suspended PUSCH resources may
be initialized based on the activating the first uplink BWP.
According to an example embodiment, the initializing the
suspended PUSCH resources may comprise resume using
the PUSCH resources for a two-step random-access proce-
dure of the cell.

[0647] According to an example embodiment, based on
the deactivating the first uplink BWP, the wireless device
may stop transmitting, via a PUSCH resource of the PUSCH
resources, a MsgA payload for a two-step random-access
procedure of the cell.

[0648] Embodiments may be configured to operate as
needed. The disclosed mechanism may be performed when
certain criteria are met, for example, in a wireless device, a
base station, a radio environment, a network, a combination
of'the above, and/or the like. Example criteria may be based,
at least in part, on for example, wireless device or network
node configurations, traffic load, initial system set up, packet
sizes, traffic characteristics, a combination of the above,
and/or the like. When the one or more criteria are met,
various example embodiments may be applied. Therefore, it
may be possible to implement example embodiments that
selectively implement disclosed protocols.

[0649] A base station may communicate with a mix of
wireless devices. Wireless devices and/or base stations may
support multiple technologies, and/or multiple releases of
the same technology. Wireless devices may have some
specific capability(ies) depending on wireless device cat-
egory and/or capability(ies). A base station may comprise
multiple sectors. When this disclosure refers to a base station
communicating with a plurality of wireless devices, this
disclosure may refer to a subset of the total wireless devices
in a coverage area. This disclosure may refer to, for example,
a plurality of wireless devices of a given LTE or 5G release
with a given capability and in a given sector of the base
station. The plurality of wireless devices in this disclosure
may refer to a selected plurality of wireless devices, and/or
a subset of total wireless devices in a coverage area which
perform according to disclosed methods, and/or the like.
There may be a plurality of base stations or a plurality of
wireless devices in a coverage area that may not comply
with the disclosed methods, for example, because those
wireless devices or base stations perform based on older
releases of LTE or 5G technology.
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[0650] In this disclosure, “a” and “an” and similar phrases
are to be interpreted as “at least one” and “one or more.”
Similarly, any term that ends with the suffix “(s)” is to be
interpreted as “at least one” and “one or more.” In this
disclosure, the term “may” is to be interpreted as “may, for
example.” In other words, the term “may” is indicative that
the phrase following the term “may” is an example of one of
a multitude of suitable possibilities that may, or may not, be
employed to one or more of the various embodiments.

[0651] If A and B are sets and every element of A is also
an element of B, A is called a subset of B. In this specifi-
cation, only non-empty sets and subsets are considered. For
example, possible subsets of B={celll, cell2} are: {celll},
{cell2}, and {celll, cell2}. The phrase “based on” (or
equally “based at least on”) is indicative that the phrase
following the term “based on” is an example of one of a
multitude of suitable possibilities that may, or may not, be
employed to one or more of the various embodiments. The
phrase “in response to” (or equally “in response at least t0)
is indicative that the phrase following the phrase “in
response t0” is an example of one of a multitude of suitable
possibilities that may, or may not, be employed to one or
more of the various embodiments. The phrase “depending
on” (or equally “depending at least to”) is indicative that the
phrase following the phrase “depending on” is an example
of one of a multitude of suitable possibilities that may, or
may not, be employed to one or more of the various
embodiments. The phrase “employing/using” (or equally
“employing/using at least”) is indicative that the phrase
following the phrase “employing/using” is an example of
one of a multitude of suitable possibilities that may, or may
not, be employed to one or more of the various embodi-
ments.

[0652] The term configured may relate to the capacity of
a device whether the device is in an operational or non-
operational state. Configured may also refer to specific
settings in a device that effect the operational characteristics
of the device whether the device is in an operational or
non-operational state. In other words, the hardware, soft-
ware, firmware, registers, memory values, and/or the like
may be “configured” within a device, whether the device is
in an operational or nonoperational state, to provide the
device with specific characteristics. Terms such as “a control
message to cause in a device” may mean that a control
message has parameters that may be used to configure
specific characteristics or may be used to implement certain
actions in the device, whether the device is in an operational
or non-operational state.

[0653] In this disclosure, various embodiments are dis-
closed. Limitations, features, and/or elements from the dis-
closed example embodiments may be combined to create
further embodiments within the scope of the disclosure.

[0654] In this disclosure, parameters (or equally called,
fields, or Information elements: [Es) may comprise one or
more information objects, and an information object may
comprise one or more other objects. For example, if param-
eter (IE) N comprises parameter (IE) M, and parameter (IE)
M comprises parameter (IE) K, and parameter (IE) K
comprises parameter (information element) J. Then, for
example, N comprises K, and N comprises J. In an example
embodiment, when one or more messages comprise a plu-
rality of parameters, it implies that a parameter in the
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plurality of parameters is in at least one of the one or more
messages, but does not have to be in each of the one or more
messages.

[0655] Furthermore, many features presented above are
described as being optional through the use of “may” or the
use of parentheses. For the sake of brevity and legibility, the
present disclosure does not explicitly recite each and every
permutation that may be obtained by choosing from the set
of optional features. However, the present disclosure is to be
interpreted as explicitly disclosing all such permutations.
For example, a system described as having three optional
features may be embodied in seven different ways, namely
with just one of the three possible features, with any two of
the three possible features or with all three of the three
possible features.

[0656] Many of the elements described in the disclosed
embodiments may be implemented as modules. A module is
defined here as an element that performs a defined function
and has a defined interface to other elements. The modules
described in this disclosure may be implemented in hard-
ware, software in combination with hardware, firmware,
wetware (i.e. hardware with a biological element) or a
combination thereof, all of which may be behaviorally
equivalent. For example, modules may be implemented as a
software routine written in a computer language configured
to be executed by a hardware machine (such as C, C++,
Fortran, Java, Basic, Matlab or the like) or a modeling/
simulation program such as Simulink, Stateflow, GNU
Octave, or Lab VIEWMathScript. Additionally, it may be
possible to implement modules using physical hardware that
incorporates discrete or programmable analog, digital and/or
quantum hardware. Examples of programmable hardware
comprise: computers, microcontrollers, microprocessors,
application-specific integrated circuits (ASICs); field pro-
grammable gate arrays (FPGAs); and complex program-
mable logic devices (CPLDs). Computers, microcontrollers
and microprocessors are programmed using languages such
as assembly, C, C++ or the like. FPGAs, ASICs and CPLDs
are often programmed using hardware description languages
(HDL) such as VHSIC hardware description language
(VHDL) or Verilog that configure connections between
internal hardware modules with lesser functionality on a
programmable device. The above mentioned technologies
are often used in combination to achieve the result of a
functional module.

[0657] The disclosure of this patent document incorpo-
rates material which is subject to copyright protection. The
copyright owner has no objection to the facsimile reproduc-
tion by anyone of the patent document or the patent disclo-
sure, as it appears in the Patent and Trademark Office patent
file or records, for the limited purposes required by law, but
otherwise reserves all copyright rights whatsoever.

[0658] While various embodiments have been described
above, it should be understood that they have been presented
by way of example, and not limitation. It will be apparent to
persons skilled in the relevant art(s) that various changes in
form and detail can be made therein without departing from
the scope. In fact, after reading the above description, it will
be apparent to one skilled in the relevant art(s) how to
implement alternative embodiments. Thus, the present
embodiments should not be limited by any of the above
described exemplary embodiments.

[0659] In addition, it should be understood that any figures
which highlight the functionality and advantages, are pre-
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sented for example purposes only. The disclosed architecture
is sufficiently flexible and configurable, such that it may be
utilized in ways other than that shown. For example, the
actions listed in any flowchart may be re-ordered or only
optionally used in some embodiments.

[0660] Further, the purpose of the Abstract of the Disclo-
sure is to enable the U.S. Patent and Trademark Office and
the public generally, and especially the scientists, engineers
and practitioners in the art who are not familiar with patent
or legal terms or phraseology, to determine quickly from a
cursory inspection the nature and essence of the technical
disclosure of the application. The Abstract of the Disclosure
is not intended to be limiting as to the scope in any way.
[0661] Finally, it is the applicant’s intent that only claims
that include the express language “means for” or “step for”
be interpreted under 35 U.S.C. 112. Claims that do not
expressly include the phrase “means for” or “step for” are
not to be interpreted under 35 U.S.C. 112.

What is claimed is:

1. A method comprising:

receiving, by a wireless device, one or more messages

comprising one or more configuration parameters of a
cell, wherein the one or more configuration parameters
indicate physical uplink shared channel (PUSCH)
resources for transmission of a message A (MsgA)
payload of a two-step random-access procedure of the
cell;

resetting a medium access control (MAC) layer of the

wireless device based on a request from a radio
resource control (RRC) layer of the wireless device;
and

releasing the PUSCH resources based on the resetting the

MAC layer.

2. The method of claim 1, wherein the one or more
configuration parameters are for a random-access procedure
of the cell.

3. The method of claim 1, wherein the cell is an unli-
censed cell.

4. The method of claim 1, wherein the two-step random-
access procedure is a contention-free two-step random-
access procedure.

5. The method of claim 4, wherein the contention-free
two-step random-access procedure is not initiated for a beam
failure recovery procedure of the cell.

6. The method of claim 1, wherein the releasing the
PUSCH resources comprises stopping transmitting, via a
PUSCH resource of the PUSCH resources, the MsgA pay-
load.

7. The method of claim 1, wherein the one or more
configuration parameters further indicate one or more uplink
grants associated with the PUSCH resources.

8. The method of claim 7, wherein the releasing the
PUSCH resources comprises not transmitting, via an uplink
grant of the one or more uplink grants, the MsgA payload.

9. The method of claim 7, wherein the releasing the
PUSCH resources comprises stopping transmitting, via an
uplink grant of the one or more uplink grants, the MsgA
payload.

10. The method of claim 1, wherein the releasing the
PUSCH resources comprises releasing a configuration of the
PUSCH resources.

11. The method of claim 1, wherein the PUSCH resources
comprise one or more random-access channel (RACH)
resources.



US 2021/0410200 A1 Dec. 30, 2021
48

12. The method of claim 11, wherein the releasing the
PUSCH resources comprise discarding the one or more
RACH resources based on the resetting the MAC layer.

13. The method of claim 11, wherein a RACH resource of
the one or more RACH resources comprises:

a preamble; and

a RACH occasion.

14. The method of claim 13, further comprising transmit-
ting the preamble via the RACH occasion.

15. The method of claim 13, wherein the RACH resource
is mapped to an uplink grant.

16. The method of claim 15, wherein the uplink grant is
one of one or more uplink grants further indicated by the one
or more configuration parameters.

17. The method of claim 15, wherein the one or more
configuration parameters further indicate the mapping
between the RACH resource and the uplink grant.

18. The method of claim 15, wherein the RACH resource
being mapped to the uplink grant comprises:

the RACH occasion being mapped to the uplink grant; or

the preamble being mapped to the uplink grant.

19. The method of claim 1, wherein the one or more
messages comprise one or more radio resource configuration
messages.

20. The method of claim 1, wherein the resetting the MAC
layer comprises resetting a MAC entity of the wireless
device.



