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1502

determine a narrowband TDD frame structure
for narrowband communications

l 1504
J

determine a PUSCH format of a group of
PUSCH formats for allocating at least one RU
to a UE for a NPUCCH

l 1506
J

allocate the at least one RU to the UE using
the determined PUSCH format

| transmit information associated with at least |
| one of the RU or the PUSCH format

FIG. 15
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1600

21/38

1602
J

determine a narrowband TDD frame structure
including at least a predetermined number of
contiguous uplink subframes

l 1604
Z

determine a first number of symbols in each
of a second number of slots to use in
allocating at least one RU to a UE for a
NPUSCH

l 1606
Z

allocate the at least one RU to the UE

| transmit information associated with at least

| one of the allocated at least one RU to the UE |

FIG. 16
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1902
Z

receive information associated with a
narrowband TDD frame structure having a
first set of contiguous uplink subframes

rate match the first portion of the uplink |
| transmission in the first set of contiguous |
| uplink subframes based on a total number of |
| symbols in the first set of contiguous uplink |
| subframes with unused symbols punctured

rate match the first portion of the uplink |
! transmission in the first set of contiguous |
I subframes based on a total number of |
! symbols in the first slot and the first subset of |

symbols in the second slot |

PCT/US2018/019212

transmit a first portion of an uplink
transmission using at least a portion of the
first number of slots in the first set of
contiguous uplink subframes

| transmit the first portion of the uplink |
| transmission using all symbols in a first slot |
| in the first number of slots and a first subset |
Iof symbols in a second slot in the first number]|
| of slots |

FIG. 19A
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| transmit a second portion of the uplink |
| transmission using a second subset of |
| symbols in a third slot in a second number of |
| slot |

| transmit a second portion of the uplink

| transmission using all symbols in a third slot |
| inasecond number of slots, wherein any |
|unused symbols in the third slot are punctured|

FIG. 19B
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2000

2002
J

receive information associated with a
narrowband TDD frame structure

2004
J
transmit an uplink transmission a predetermined
number of times using a first scrambling sequence
including a first number of LSBs associated with a
first radio frame

2006
— e _

I =
| |
| transmit the uplink transmission one time I
I using the first scrambling sequence |
| |
| )

2008

/

|

| repeat the uplink transmission multiple times
| using the first scrambling sequence
|
|

l 2010
J

repeat the uplink transmission using a
different scrambling sequence for each
repetition of the uplink transmission

FIG. 20
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2102
J

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

l 2104
J

determine to repeat an uplink transmission in
a first set of radio frames and a second set of
radio frames

l 2106
J

determine not to monitor downlink subframes
in the first set of radio frames and the second
set of radio frames

l 2108
J

perform one or more of a timing estimation or
a frequency estimation using at least one
downlink subframe in one or more of the first
set of radio frames or the second set of radio
frames

FIG. 21
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2200

2202
Z

receive information associated with a
narrowband TDD frame structure for
narrowband communications

l 2204
J

transmit a NB-SRS to a base station using the
narrowband TDD frame structure

FIG. 22
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2300

2302
J

receive information associated with a
narrowband TDD frame structure for
narrowband communications

l 2304
J

determine an orthogonal sequence length
associated with a RS based on at least one of
a number of uplink subframes or a number of
slots in the set of contiguous uplink
subframes

l 2306
J

transmit the RS using the determined
orthogonal sequence length

FIG. 23
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2400

2402
J

receive information associated with a
narrowband TDD frame structure for
narrowband communications

l 2404
J

determine a frequency hopping pattern
associated with a RS based on at least one of
a number of uplink subframes or a number of
slots in the set of contiguous uplink
subframes

l 2406
J

transmit the RS using the determined
frequency hopping pattern

FIG. 24
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2502
J

receive information associated with a
narrowband TDD frame structure for
narrowband communications

l 2504
J

transmit a first symbol group of a first
NPRACH preamble to a base station

FIG. 25
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2600

2602
J

receive information associated with a
narrowband TDD frame structure for
narrowband communications

l 2604
J

determine a maximum number of symbol
groups in a plurality of symbol groups
associated with a NPRACH preamble that fit
in an uplink occasion in the narrowband TDD
frame structure

l 2606
J

transmit a first subset of the plurality of
symbol groups associated with the NPRACH
preamble in a first uplink occasion in the
narrowband TDD frame structure and a
second subset of the plurality of symbol
groups associated with the NPRACH
preamble in a second uplink occasion in the
narrowband TDD frame structure

FIG. 26
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2700

~x 2702
J

receive information associated with a
narrowband TDD frame structure for
narrowband communications

l 2704
J

determine a first number of symbol groups of
a NPRACH preamble to transmit in a first
uplink occasion in the narrowband TDD
frame structure, the first number of symbol
groups including either two symbol groups or
three symbol groups

*_ 2706
_____ Z

transmit a first symbol group of the two |
| symbol groups in a first tone in the first |
| uplink occasion and a second symbol group |
| of the two symbol groups in a second tone in |
| the first uplink occasion |

transmit a first symbol group of the three |
| symbol groups in a first tone of the first |
| uplink occasion, a second symbol group of |
| the three symbol groups in a second tone of |
| the first uplink occasion, and a third symbol |
| group of the three symbol groups in a third |
| tone of the first uplink occasion I

| transmit a fourth symbol group in a fourth |
| tone in a second uplink occasion subsequent |
| to the first uplink occasion |

FIG. 27
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2800

2802
Z

receive information associated with a
narrowband TDD frame structure for
narrowband communications

l 2804
Z

determine a hopping pattern associated with
two pairs of symbol groups of a NPRACH
transmitted in one or more uplink occasions
using the narrowband TDD frame structure

l 2806
J

transmit a first pair of symbol groups and a
second pair of symbol groups in a same
uplink occasion or in adjacent uplink
occasions in the narrowband TDD frame
structure

FIG. 28
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