1/30 PCT/US2017/058853

WO 2018/085154

001

NAOMIIN
310D

A

=4
0€1

€l

A 4




2/30 PCT/US2017/058853

WO 2018/085154

00¢

B-CI1

VIO

%
%

L) i LS

B-GO1



WO 2018/085154 3/ 30 PCT/US2017/058853

200-a

105-b

———————

[\
=
[—4

ey

(F3)

115-b
Ng

FIG. 2B



4/30 PCT/US2017/058853

WO 2018/085154

¢ 'Ol
sanD-Nn
/SLddn voon do (@) paudyioys s4nD-d  vddda () paudsioys
0LE S9¢ 09€ sse 0s€ She ore
L
A 0€€ duIEayqng § g I« gec QweAqnS S g
- ; s pmeeeme
'lllolllll l\tt-.-“\|||\| llllloil ‘llltllllﬁlilllilli! .ss;

pueqg wn.nddg
@ | @ |[@W|[w ]| |[® ||| ||| @] @] O Hobgopey
TAS | 04AS | 64S | 8AS | LAS | 94S | SAS | vAS | €4S | TAS | TAS | 04S | 64S | 84S paseg-uonuajuo)

0ce 0ce | se€ T4 1574 0€e 0ce 0ce 0Te 1143 0ce 0ce | s€€ STe

—\ '—

Y ‘—

| STE dweay orpey LA'T

00€



5/30 PCT/US2017/058853

WO 2018/085154

¥ "Old

S
iy
D )
9]
UOISSTWSURA], wv m
Jo uonrean(y [EnPY st
<t w L
1187
dweayqng
uQ
e EEE—
UOISSIWSURA],
Jo uonean( papudjuy i
sov

00¥




6/30 PCT/US2017/058853

WO 2018/085154

S |

S A4
qd D
n D
D |
UOISSTWSURA], ) )
0cs SIS
JO uonean( [eny
w '
(118
Jweayqng
uQ
P>
UOISSTWSUR.A],
JO uone.n( papuAuUy
w -
S0S

00s




7/30 PCT/US2017/058853

WO 2018/085154

9 "OIA
921n0§ | aossadoag Jossoig | dOW ! aonaa o7 1030939Q PUNTELINE|
weq | | wwsuesy [ | OIWIA XL ]_u — Gowaa GO Je .l" OWIIN | | uondeday [ 1S ¥1°d
7 7 < 7 ) 7 75 7
299 99 999 gvmw} >Nmo 9¢9 8¢9 99
& > Y A
10853901 hnm\w ) ] ava 10S8320.1g
LI0UR j¢—> po—"— JIMPIYIS je—> Jre—— A1ourdapy
Ved X X H H Ved Vadk rad
89 089 ] . 142" h|_ 0r9 w9
A 4 A 4 A 4
J0ssad04 (€3] a0pd0paq [ | UON JOWAA — =3] 10ssa001g €3] a0ssad0uqg |, 23.anog
TS B8A [ nondosoy |8 oWIN || gomaa o —=| oI X1 | 8] yrmsuesy, eeq
7 7 7 7 ) rd 7 7
099 859 959 _vmm} }J@ 0€9 029 as
A 7 > 7 L
ST 1789 y€9 SO1




8/30 PCT/US2017/058853

WO 2018/085154

L"OIA

- uolleinp awel4 > uoneinp awe.u4 »
N29Yyd P REIV o]
n 1d 191 n 1d IS
X X X \ X \
90L ) 0L 90L POL 0L
"
00L



9/30 PCT/US2017/058853

WO 2018/085154

8 Ol

SWg'T »4—SN00C—>
[eu8IS UOI1BAIDSDI 10 YD) PapUaIX] VDD |eniy|
Q Q
08 208
LN

008



10/30 PCT/US2017/058853

WO 2018/085154

6 "OId
- uolieJnp sweud > uolieJnp sweld >
polad n 1a M9yd | powuad n q 323Y2
9Pl 191 9Pl 141
1 ! A Q X ! A !
4806 4906 qar06 qz06 ©806 ©906 06 8706



11/30 PCT/US2017/058853

WO 2018/085154

01 "OIA

8001

uo Zin‘Jotin

#ozan‘uotin

pouad 440 sw S: 1IN

pouad NO sW §:13IN

Jun uoissiwsuell 1N

R

0001

9001



12/30 PCT/US2017/058853

WO 2018/085154

I1°OId

1180} 8011 9011 {118} 011
Z Z
A
149N 1d
AN 1A
S ST
€ 4N Td
\
©906
vy dN 1d
\J
- Jurea ] duQ — sdweqns o >
LN

0011



WO 2018/085154 13/30

PCT/US2017/058853

| Transmit a frame |
transmission |

1200
¢ 1202
/
Perform dual CCA procedure
1208
_/
Perform first type of CCA
Y
1* type CCA i
successful?
1212
J
Perform second type of CCA
2" type CCA Yes
successful?
l No 1206
|/
Refrain from transmitting during the

frame

FIG. 12



14/30 PCT/US2017/058853

WO 2018/085154

¢l "OIA

0s€l d

A

N

10

juduoduwio)) uoISSIWSUB.L],
ccm\ﬁ ' ' UOISSTWISUR.I) 1 [eusig
e UOTIBAIISIY
9
\7%0)0) VoD juauodwo) yueuodumos
UOISSIWISURBL],
UOIIBAIISIY
Jweag
yuuodwo) juauodwo) ureoy 4 P 7 A ey
VOO VoD /Husue.], 1€l 91l /usuea],
7 7
TI€l 0I€T P Juouodwo))
jwuodwo) yvH) enq uoneulwLRPq VI
Jnsaua
30 m\ﬂ VOI9¥/VID ’ VIODI/VID
riel o d
1 asuodsax 10
g yuodwo) uondaddy

\

rocl
¢

°0€1

00€T



15/30 PCT/US2017/058853

WO 2018/085154

Pl "OId

wI)SAS
920+1 yovi Suissadoag
Z Z
Atoundpy / wnipI I0SS3004J
JIqepedy-yndwo)
» £42!
J
e B I
" UOISSTUISURL [, JUIBA,] et _ yusuoduiod V) “
L | e
8I€T 0I€T
T T T T T T T B I T T T T T T
| jusuodwo)) uoneAIISIY | I jusuodwo) v)) renq _
-
e __ _ e __ _
9I¢1 S0€T
" juduodmo) _ |L _
woEUILINGG VOO > | Juouodwo)) UOISSTWISUBLY, |
_ L .
R | e |
et 90£1
I~ I_ |- - ————-——-- -
I
| yweuedwo) v)J9? |— I yusuodumo)) uondsday _
WYI. |||||||||| Il _
———— e ———
(453 FOET

JIARISURLL
\
0TH1
(Y44t
| SN
ZOET ™~

00¥1



WO 2018/085154

1500

16/30

IReceive configuration of on period(s) and|
' off period(s) |

| Receive uplink scheduling from a base |
| station in scheduling units based on the |
transmission units |

| Receive an uplink start delay in units |
' scheduling units based on the
: transmission units |

I 1508
/

Segment an uplink duration in each
frame into multiple transmission units
for each frequency

Y 1510
/

Transmit uplink communication based
on the multiple transmission units

FIG. 15

PCT/US2017/058853



17/30 PCT/US2017/058853

WO 2018/085154

o
spun @ ‘H Uﬂrm—
UOISSTWISUR.I)
drdnnu
uo paseg
0591 wonedrunwwo))
< 1n juduodwro)) uoISSIWSURL],
€091
7 7 Y A
) 9091 cepp S)Iun UOISSIWSURL],
I
Surnpayos yaeys yyurgd juuodwo)
yuridn uon¥IWIWSIS
7 A
juwuodwo)) juduodwo)) 0191
IAMPIYPS 1N ACP( uoISSIWSUR.],
Aepp — x v - 1wuodwo)
1aeys yurpd 191 FI91 uoneIN3Yuo)
/3utmpayos Surnpayos Kepp K d
undn sundp yaeys yuydny 8091 (s)potsad ggojuo
juoneansyuod Jo uoneansyuo)
1091 porrad jjo/uQ
> juduoduwo)) uondaday
UONBIUNWWO)) v
1a v091
4
2091




18/30 PCT/US2017/058853

WO 2018/085154

LT OI4

90L1
S

AJIOURN / WINIPIAI
Jqepeay-1andwo))

WIISAS
POLT Surssasoag
/

I0SS3301J

JOARSUBIL],

_ jwunodwo) _ | _
Ae( UoISSTWSUR.I t— T T T T T T =
| RATTETTL 0] e
o o=
—>
|———————————= | juouodwo) worsspusuesy, |
I |
| juouodwmo) smpoyds 1N | e —————— _
| | 9091
I‘.] IIIIIIIIIIIIIIIIIIIII —
191 |'_ |
|———————————= _ yuuoduwo)) uondaday _
I |
| juouodwo) woprywomdeg | e ———————— — — _
| | 091
————_——————
0191
\
PILT

\
OILI

AN

0ZL1

2091 R~
00LT



WO 2018/085154 19/30 PCT/US2017/058853

1800
|
1802
Transmit uplink transmissions in a
plurality of transmission units
Y 1804
Hop frequency bands in a first pattern /
across frames based on a base station
hopping pattern
Fr———————=— l— ———————— 1806

Hop in a second pattern across
transmission units within the base |
station’s channel occupancy withina |
frame |

FIG. 18



20/30 PCT/US2017/058853

WO 2018/085154

61 "OId

(s)uaned
gurddoy
uo paseq
oSGl  UonedIunwuio)
10
< juuodwio)) UOISSIWSUR.L,
€061
() fuednso T wped 0 1 oomﬂ
puueyd S Suiddoy uoness syun
urgm waned 9se(q U0 paseq UOISSTWISUR.LT,
Suiddoy puodog wed suiddoyg
jyuuoduwo)
woped ywduodwo)) widped 1ywuodwo)
Suiddoy pu02ag m——mﬂﬁc—— ISa1q JIU) UOISSIWISURBL],

r 7 I

(41! 0Tl6l wed 8061

durddoy uoness
uonedluUnNuUIUIo?) Jseq uo uonvuLIOju]
1061 1d
> yuduoduwo)) uondaday

\

v061
[4

2061

0061



21/30 PCT/US2017/058853

WO 2018/085154

0C "OId

wWI)SAS
92007 $007 Surssadoag
Z Z
ATowdy / WP J055930.1
J[qepeay-1yndwo) d
y70T
+ p JIAIISTRI],
o |.||.J cﬁﬁw
|———————————= 1 juonodmo) jjup) uoissTmSULAY, |
| juouoduro) _ | _
wi)yed surddoy puodd A
vt | g _
7161 ! _ 0ehz
|———————————- | juouodwo) worsspmsuesy, |
_ juduodwo)) _ o ___ I
_ widyed Suiddoy ysarg la— eclmﬂ
LIl | = -
0161 - I
| yusuoduro)) uondaday _
I
e ———————— — = |
y061
7 *~
b102 2061 ™~

0007



WO 2018/085154 22/30 PCT/US2017/058853

2100
~x

2102
Hop frequency bands in a first pattern
across frames based on a base station
hopping pattern

y 2104
Receive uplink transmissions in a
narrowband from a UE in transmission
units within the frequency bands based
on the base station hopping pattern

|

| Multiplex communication with a |
: plurality of narrowband UEs
|

| Transmit downlink communication to

| . . .

| the user equipment in a different |
[ downlink narrowband [
I

FIG. 21



23/30 PCT/US2017/058853

WO 2018/085154

'O

057

)

1da
< juuoduwo)) uoISSIWSUL.L,
Ve A y
90¢T
SHN wned
xdrdnnpy Suiddog
jusuodwo)
juduodwo)) xadymy wned Suiddoyg
I I
1] k4 807T
UONBIUNWWO0d
10 paxddnmy
10
> juauodwo)) uondadoy
\\
¥0ce
¢
(41144

00¢C¢



24/30 PCT/US2017/058853

WO 2018/085154

€C O

90€T
S

AIOWIITA] / WNIPIIA
Jqepeay-19)nduo)

m)ISAS
$0€T Suissadoag
~

J08§3201J

- A
01ze 9077
_|||||||||||I_ T T T T T T T I_
| juouodwmo) urspeq Surddoy I juouoduro)) uondaday _
| < I
e — —— | S — —— I
807 voze
\
1484

JIAIIISTRL],

\

() (%4
07€T

| S
2077 ™~

00€T



25/30 PCT/US2017/058853

WO 2018/085154

bT "Old

uonnadaa
suodjsog/doxq

suodysog

| 1 wsue _
ey | 10U PIp USyM dwrely |
ut suonnadax JINJSSAINS LG | B Ul HOVYU/ T 9ARY .“
Jusue.Ly, r\l e e e
e 111 44
90¥C
LdT uniopng — |
e
Lo

00¥¢



26/30 PCT/US2017/058853

WO 2018/085154

€C O

0SS¢

[]

1a
< juduodwo)) uoISSIMSURL],
7 A Y
90S¢
suonnadoy UOISSTWISURL],
auodysod L1941
/
juodwo)) Ano.ﬁ ywuoduwo) yuouodwo)) g7
-«
uonnadoy duodysog/doaq | ynyssavansup
r I
0157 14 141 80ST
(4814
Jsuodsdy
/| ywsuodwo) 0 L1
| 4 8574 y
10
> juauodwo)) uondadoy
\\
{1174
4
0ST ®
00S7




27/30 PCT/US2017/058853

WO 2018/085154

97 'O

WA)SAS
9097 097 Suissadoag
Z Z
Atowd |y / mngpI 10853204 g
JIqepeayg-19ynduo)
+ 297
A

I T T T T T T T T I T T T T T
| juduoduro) 1) e 1 jweuodwo) uoissrusuvsy, |
e ! L __ !

14 574 80ST
T T T T T T l_ _IIIIIIIIIIII_
| juouodwo)) suodysog/doiq _ I jmouodwmo)) uondaday _

_ il _

L ___ _ e __ _

(4 874 90sT
T T T T T T T T T T T T
I |
I jmduoduo) uonnadayy _ | ymauodwo)) uondsddy |

_ a I

e ——— _ S —— e — ——— _

01ST 141174

y19¢

JIAIISUEBLL
\
0197
0297
"
20T ™"~

009¢



WO 2018/085154 28/30 PCT/US2017/058853

2700

2702
Receive a plurality of repetitions of a
downlink transmission from a base
station

y 2704

Determine whether the base station
transmits at least one repetition of the
downlink transmission in a first frame

| [
| Combine the plurality of repetitions |
: across the multiple frames :
| I

: Transmit UL data transmission/ RACH '
| transmission in the frame when the base [
| station did not transmit a DL |
| transmission |

FIG. 27



29/30 PCT/US2017/058853

WO 2018/085154

058¢C

)

8C "OIA

UONEIIUNWO))
10
< jyuuoduro)) uoISSIWSUR.L,
7 K h
9087 HOVYH eleq 10
jyuuodwo)
/| uwuodwo) 0
. HOVYA PIST
(4514 pauodjsod;paddo.ap
UIULIIN
jwuodwo)) pomitiLiong 1wuodwo))
— >
UONBUIWLINA( uoneuIquIo))
(suonnpada.r wcw\m rm—.o_uﬁonom ol w\m N suonpaday
Jo Ayeanyd)
1d 1a
UONIIUNWWO))
1d
> yuuodwo)) uondaday
\\
¥08¢
4
08¢

008¢



30/30 PCT/US2017/058853

WO 2018/085154

67 "OId

9067
p

ATOWITA / WIRIPIAI
J[qepeay-1ndmwo)

W)SAS
06T Surssadoxg
P

0SSOI

I
| juouodwo) N lg— S
_ | 808T
——————————— = |——————————= -
VIS8T |, _
|m—————————— _ | juowodwo) worsspmsuell |
I I _
| yuwouodwo) HOVY —_—_——————————
_ "Al 9082
- - T === |- - - - - ---=-== Im
I8¢ —p

14114

h0>mouw=ﬂh,ﬁ
\\
0162
0762
"
2087 ™~

0067



