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1200 Z
| determine to transmit a physical downlink

channel in a subframe in a narrowband TDD
frame structure

¢ 1204
J

determine whether the subframe is a special

subframe or a downlink subframe when the

narrowband TDD frame structure includes
one or more special subframes

l 1206
J

determine how to transmit a narrowband physical downlink
channel based on the determination whether the subframe is a

special subframe or a downlink subframe
1208

_________________ Z_ _ _ _

{ determine to transmit the narrowband physical downlink channel |
in the subframe when the subframe is a downlink subframe

| downlink channel in the subframe when the subframe is a special |
| subframe

| determine to transmit the narrowband physical downlink channel
in the subframe when the subframe is a special subframe with a |
subset of the OFDM symbols punctured

| determine to transmit the narrowband physical downlink channel
in the subframe when the subframe is a special subframe with a |
subset of the OFDM symbols punctured |

PCT/US2018/017660
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1200

1206
J

determine how to transmit a narrowband physical downlink
channel based on whether the subframe is a special subframe or
a downlink subframe

determine to transmit the narrowband physical downlink channel |
in the subframe when the subframe is a special subframe and a
number of OFDM symbols is greater than a predetermined
threshold

1218
_________________ 4

determine to transmit the narrowband physical downlink channel |
in a special subframe with a punctured subset of OFDM symbols
when the number of OFDM symbols in the special subframe is
less than a predetermined threshold

1220
_________________ 2

determine to refrain from transmitting the narrowband physical |
downlink channel in the subframe when the subframe is a special
subframe and a number of OFDM symbols in the special |
subframe is less than a predetermined threshold

| determine to drop the transmission of the narrowband physical |
| downlink channel in the subframe when the subframe is a special |
|subframe and a number OFDM symbols in the special subframe isl
| less than a predetermined threshold |

FIG. 12B
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1200
~ (2

1224
.

|  rate matching the narrowband physical

|  downlink channel based in the subframe

| based on the number of downlink of OFDM
I symbols in the subframe

|

transmit the narrowband physical downlink
channel

| transmit the narrowband physical downlink
| channel in a subsequent downlink subframe |

——————-

transmit the narrowband physical downlink |
! channel in a next downlink subframe upon |
I determining to refrain from transmitting the |
! narrowband physical downlink channel in the |
I subframe |

FIG. 12C
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1302
1300 Z

determine a narrowband TDD frame structure
of a group of narrowband TDD frame
structures for narrowband communications

l 1304
Z

allocate at least one RB in the narrowband
TDD frame structure for transmitting a
narrowband physical downlink channel to a
first UE

I _______________ =

lallocate the at least one RB in the narrowbandI
| TDD frame structure for transmitting the I
| narrowband physical downlink channel to a !
I second UE |

l 1308
Z

map a UE-RS to the at least one RB allocated
for transmitting the narrowband physical
downlink channel

| determine at least one downlink subframe in |
| the narrowband TDD frame structure that

| includes the narrowband physical downlink

| channel and that does not include the NRS |

FIG. 13A
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1312

PCT/US2018/017660

transmit the UE-RS to the first UE based on
the mapping

transmit the UE-RS in RE locations |
associated with NRS transmissions when it is |
determined that the narrowband physical |
downlink channel is transmitted in the at least|
one downlink subframe that does not include |
the NRS |

— e — — — — —

FIG. 13B

|
. . ) |
receive a first channel estimate associated |
with the UE-RS from the UE |

|

| perform a beamforming procedure using the
| first channel estimate received from the UE |

the narrowband communications

|
: transmit a NRS to the first UE using the |
Inarrowband TDD frame structure selected for ——
I
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I

| receive a second channel estimate associated |
| with the NRS from the UE |
I
I

| determine a precoding for each of a plurality |
| oftransmit antennas used to transmit the

|  downlink channel based on the second |
| channel estimate |

signal to the first UE that multiple transmit |
| antennas at the base station transmit the NRS |
| and that each of the multiple transmit |
| antennas are associated with a same
| precoding

transmit the narrowband physical downlink
channel transmission to the UE based on the
beamforming procedure

| transmit a data stream associated with the

| narrowband physical downlink channel from
| each of the plurality of transmit antennas

| based on the precoding

I

FIG. 13C
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1402
J

determine a narrowband TDD frame structure
of a group of narrowband TDD frame
structures for narrowband communications

l 1404
Z

determine a first set of subframes in the
narrowband TDD frame structure used for
transmitting a downlink control channel to a
UE

l 1406
Z

schedule a first uplink subframe in the
narrowband TDD frame structure used by the
UE for reporting a first ACK / NACK
associated with the downlink control channel
ky number of subframes after the first set

l 1408
J

signal information associated with &, number
of subframes to the UE in a first delay field in
a DCI transmission

, I
| determine a second set of subframes in the |
| narrowband TDD frame structure used for |
| transmitting a downlink data channel to the |

I

FIG. 14A

PCT/US2018/017660
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schedule a second uplink subframe in the |
narrowband TDD frame structure used by the |
UE for reporting a second ACK / NACK |
associated with the downlink data channel ]
number of subframes after the second set |

I
signal information associated with the m, I
number of subframes to the UE in a second |
|

|

I
I
: delay field in the DCI transmission

I
' |
| receive a bundle including a plurality of |
| ACK / NACKs from the UE |
' |

FIG. 14B
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1500 1502
o /
determine a narrowband TDD frame structure
including one or more of a set of downlink
subframes, a set of uplink subframes, a set of
special subframes, or a set of flexible
subframes

l 1504
J

transmit a bitmap associated with the narrowband TDD frame
structure to a UE 1506

|_ ________________ _/_ _n"
transmit a single bitmap indicating the one or more of the set of |
downlink subframes, the set of uplink subframes, the set of |
special subframes, or the set of flexible subframes |

1508
_________________ Z_ _ _ _
[ transmit first information indicating the set of downlink !
: subframes :
} 1510
- - - - - - - - -—-—-—-—-== < ——— 1
| transmit second information indicating the set of uplink |
| subframes |
I e e e e e e |
I 1512
_________________ < _ _ _ 1

1 1514
- - - - - - - -"—-—-——-=-—-=—= e - —— 1
| transmit fourth information indicating the set of flexible |
| subframes |
L e e e e o I

FIG. 15
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1600

1602
J

determine a narrowband TDD frame structure
of a group of narrowband TDD frame
structures for narrowband communications

| group a plurality of subframes into a plurality |
| of subframe groups associated with a
particular scrambling sequence |

[ determine a first subframe group of the

I plurality of subframe groups associated with

| " the first set of subframes and a second

| subframe group of the plurality of subframe

I groups associated with the second set of |
I subframes |

determine a first scrambling sequence for one or |
I more first sets of downlink subframes in a first |
I subframe group and the second scrambling |
! sequence for one or more second sets of downlink |
I subframes in a second subframe group |

transmit a series of repetitions of a
narrowband physical downlink channel using
the first scrambling sequence and the second

scrambling sequence

FIG. 16
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1700

1702
Z

determine a narrowband TDD frame structure
of a group of narrowband TDD frame
structures for narrowband communications

l 1704
J

transmit a first redundancy version of a
narrowband physical downlink channel and a
second redundancy version of the narrowband

physical downlink channel using the
narrowband TDD frame structure

FIG. 17
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2000

2002
J

receive information indicating a narrowband
TDD frame structure of a group of
narrowband TDD frame structures for
narrowband communications

l 2004
J

monitor one or more downlink subframes in a
first radio frame that includes the narrowband
TDD frame structure for a downlink
transmission from a base station

l 2006
J

delay at least one uplink transmission to an
uplink subframe in a second radio frame that
is subsequent to the first radio frame

FIG. 20
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2102
Z

2100 receive information indicating a narrowband
TDD frame structure of a group of
narrowband TDD frame structures for
narrowband communications

l 2104
J

receive a downlink grant associated with a
narrowband physical downlink channel

l 2106
J

receive the narrowband physical downlink channel
over a plurality of subframes, the plurality of
subframes including uplink subframes, downlink
subframes, and special subframes

2108
___________ — _ _ _

receive the narrowband physical downlink I
| channel from subframe p to downlink I
| subframe ¢ :

l 2110
J

receive an uplink grant associated for a
narrowband physical uplink channel

l 2112
J

transmit the narrowband physical uplink channel
using one or more uplink subframes located at
least one of before the plurality of subframes or
after the plurality of subframes

|' ________________ A

| transmit the narrowband uplink physical channel |
| using at least one of subframes before subframe
[ p — a or subframes after subframe g + b

— e e— — e — e - — e — — —— — —— — —

FIG. 21
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2202
Z
2200 receive information indicating a narrowband

TDD frame structure of a group of
narrowband TDD frame structures for
narrowband communications

l 2204
J

receive an uplink grant associated with a
narrowband physical uplink channel

l 2206
Z

transmit the narrowband physical uplink channel
associated over a plurality of subframes, the plurality
of subframes including uplink subframes, downlink
subframes, and special subframes

2208
- _ _
transmit the narrowband physical uplink |
| channel from subframe p to downlink |
| subframe ¢ :

l 2210
J

receive a downlink grant associated for a
narrowband physical downlink channel

l 2212
Z

receive the narrowband physical downlink channel in
one or more downlink subframes located at least one
of before the plurality of subframes or after the
plurality of subframes

|  receive the narrowband downlink physical |
| channel using at least one of subframes before
| subframe p — ¢ or subframes after subframe g + d

FIG. 22
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