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CLAIMS

1. A method of wireless communication, comprtising:

modulating uplink control information (UCH comprising a plurality of control
information types, to generate a plurality of modulated UCT symbols;

mapping the plurality of modulated UCI symbols to a plurality of resource
clements (REs) of a physical uplink shared channel (PUSCH) such that the modulated
UCI symbols of cach control information type are distributed according to a
predetermined step size among the REs of one or more corresponding orthogonal
frequency division multiplexing (OFDM) symbols of the PUSCH; and

fransmitting data in the PUSCH including the UCHL

2. The method of claim 1,
wherein the UCH comprises a hybrid automatic repeat request acknowledgment
(HARQ-ACK), a first portion of control state information (CS1), and a second portion
of CSI; and
wherein the mapping comprises:
mapping the HARQ-ACK 1o a first set of the REs;
mapping the first portion of CSI to a second set of the REs; and

mapping the second portion of CSI to a third set of the REs.

3. The method of claim 2, wherein two or more of the first set of the REs,
the second set of the REs, and the third set of the REs, are multiplexed in a frequency

domain in each of the OFDM symbols.

4. The method of claim 3, wherein the mapping corprises:
interleaving two or more of the REs of the HARQ-ACK, the REs of the first
portion of CSL, and the REs of the second portion of CSE, in an OFDM symbol.

5. The method of claim 2, wherein the mapping comprises:

mapping the HARQ-ACK to one or more OFDM symbols of the PUSCH earlier
in a time domain than the first portion of CSI and the second portion of CSI; or

mapping the first portion of CSI to one or more OFDM symbols of the PUSCH
garlier in a time domain than the HARQ-ACK.



WO 2019/103942 PCT/US2018/061674

6. The method of claim 2, wherein the mapping comprises:

mapping the HARQ-ACK, the first portion of CSI, and the second portion of
CS1 1o the OFDM symbeols of the PUSCH in a predetermined order in a time domain;
and

for each OFDM symbol, evenly distributing modulated symbols of one or more
of the HARGQ-ACK, the first portion of CSL, and the second portion of CST mapped to

the OFDM symbols, in a frequency domain.

7. The method of claim 1,
wherein the roapping coroprises:
dividing the modulated UCT symbols into a first partition and a second
partition; and
mapping the first partition to REs of a first frequency band and the
second partition to REs of a second frequency band; and
wherein the transmitting comprises transnutting the data mcluding the
modulated UCI symbols in the PUSCH using frequency hopping across the first

frequency band and the second frequency band.

8. The method of claim 1,

wherein the PUSCH further comprises a first demodulation reference signal
(DMRS) and a second DMRS, and

wherein the mapping further comprises:

dividing the modulated UCI symbols of each control information type into a
plurality of groups; and

raapping each group of the modulated UCH symbols to one or more OFDM

symbols starting at an OFDM symbol adjacent to the first DMRS or the second DMRS.

9. The method of ¢claim &,
wherein the first DMRS is front-loaded n the PUSCH, and the first DMRS and
the second DMRS are separated by one or more OFDM symbols; and
wherein the mapping further comprises:
mapping a first group of the UCH symbols to OFDM symbols adjacent to

the first DMRS;
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mapping a second group of the UCT symbols to OFDM symbols adjacent
to and earlier in time than the second DMRS; and
mapping a third group of the UCT symbols to OFDM symbols adjacent to

and later fn time than the second DMRS.

10. An apparatus comprising:
a communication interface configured for wireless communication; and
a communication circuit configured to:
modulate uplink control information (UCI) comprising a phuality of
control information types, to generate a plurality of modulated UCT symbols;
map the plurality of modulated UCH symbols to a plurality of resource
elements (REs) of a physical uplink shared channel (PUSCH) such that the modulated
UCT symbols of each control information type are distributed according to a
predetermined step size among the REs of one or more corresponding orthogonal
frequency division nwultiplexing (OFDM) symbols of the PUSCH; and
transmit data in the PUSCH mcluding the UCT using the commumnication

interface.

11, The apparatus of claim 10,
wherein the UCT comprises a hybrid automatic repeat request acknowledgment
(HARQ-ACK), a first portion of control state information (CSI), and a second portion
of CST; and
wherein the communication circuit is further configured to:
map the HARQ-ACK to a first set of the REs;
map the first portion of CSI to a second set of the REs; and

moap the second portion of CS) to a third set of the REs.

12, The apparatus of claim 11, wherein two or more of the first set of the
REs, the second set of the REs, and the third set of the REs, are nultiplexed in a

frequency domain in each of the OFDM symbols.

13. The apparatus of claim 12, wherein the conumnunication circuit is further

configured to:
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mterleave two or more of the REs of the HARQ-ACK, the REs of the first

portion of USL, and the REs of the second portion of CSL in an OFDM symbol.

14.  The apparatus of claim 11, wherein the communication cireuit is further
configured to:

map the HARQ-ACK to one or more OFDM symbeols of the PUSCH earlier in a
time domain than the first portion of CSI and the second portion of CSI; or

map the first portion of CS1 to one or more OFDM symbols of the PUSCH

garlier in a time domain than the HARQ-ACK.

15, The apparatus of claim 11, wherein the communication cireuit is further
configured to:

map the HARQ-ACK, the first portion of C81, and the second portion of CSi to
the OFDM symbols of the PUSCH in a predetermined order in a time domain; and

for each OFDM symbeol, evenly distribute modulated symbols of one or more of
the HARQ-ACK, the first portion of CS1, and the second portion of CSI mapped to the

OFDM symbols, in a frequency domain.

16.  The apparatus of claim 10, wherein the communication circuit is further
configured to:

divide the modulated UCE symbols into a first partition and a second partition;
and

map the first partition to REs of a first frequency band and the second partition
to REs of a second frequency band; and

transmit the data including the modulated UCH symbols in the PUSCH using

o

frequency hopping across the first frequency band and the second frequency band.

17.  The apparatus of claim 10,

wherein the PUSCH further comprises a first demodulation reference signal
{(DMRS) and a second DMRS, and

wherein the commumication circuit 1s further configured to:

divide the modulated UCI symbols of each control information type into a

phurality of groups; and
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map each group of the modulated UCT symbols to one or more OFDM symbols

starting at an OFDM symbel adjacerit to the first DMRS or the second DMRS.

18, The apparatus of claim 17,
wherein the first DMRS is front-loaded in the PUSCH, and the first DMRS and
the second DMRS are separated by one or more OFDM symbols; and

wherein the comnmunication circuit is further configured to:

map a first group of the UCT symbols to OFDM symbols adjacent to the
first DMRS;

map a second group of the UCT symbols to OFDM symbols adjacent to
and carlier in time than the second DMRS; and

map a third group of the UCT symbols to OFDM symbols adjacent to and

later in time than the second DMRS.

18. A wircless communication apparatus coraprising:

means for modulating uplink control mformation (UCH) comprising a phurality of
control information types, to generate a plurality of modulated UCT symbols;

racans for mapping the plurality of modulated UCT symbols to a plurality of
resource elements (REs) of a physical uplink shared channel (PUSCH) such that the
modulated UCT symbols of each control information type are distributed according to a
predetermined step size among the REs of one or more corresponding orthogonal
frequency division nwltiplexing (OFDM) symbols of the PUSCH; and

means for transmitting data in the PUSCH including the UCL

20.  The wireless comnmnication apparatus of claim 19,
wherein the UCH comprises a hybrid automatic repeat request acknowledgment
(HARQ-ACK), a fust portion of control state information (CS1), and a second portion
of CS1; and
wherein the means for mapping is configured to:
map the HARQ-ACK to a first set of the REs;
map the first portion of CS1 to a second set of the REs; and

map the second portion of €SI to a third set of the REs.
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21, The wireless communication apparatus of elaim 20, wherein two or more
of the first set of the REs, the second set of the REs, and the third set of the REs, are

multiplexed in a frequency domain in each of the OFDM symbols.

22. The wircless communication apparatus of claim 21, wheremn the means
for mapping is configured to:
interieave two or more of the REs of the HARQ-ACK, the REs of the first

portion of CSL, and the REs of the second portion of CS4, in an OFDM symbol.

23. The wireless communication apparatus of elaim 20, wherein the means
for mapping is configured to:

map the HARQ-ACK to one or more OFDM symbols of the PUSCH earlierina
time domain than the first portion of CSI and the second portion of CSI; or

map the first portion of CSi to one or more OFDM symbols of the PUSCH
carlier in a time domain than the HARQ-ACK.

24, The wireless communication apparatus of elaim 20, wherein the means
for mapping is configured to:

map the HARQ-ACK, the first portion of C8l, and the second portion of CSI to
the OFDM symbols of the PUSCH in a predetermined order in a time domain; and

for each OFDM symibol, evenly distribute modulated symbols of one or more of
the HARQ-ACK, the first portion of CSi, and the sccond portion of CSI mapped to the

OFDM symbols, in a frequency domain.

25.  The wireless comnmunication apparatus of claim 19,
wherein the rocans for mapping is configured to:
divide the modulated UCK symbols into a first partition and a second
partition; and
map the first partition to REs of a first frequency band and the second
partition to REs of a second frequency band; and
wherein the means for transmitting is configured to transmit the data including
the modulated UCT symbols in the PUSCH using frequency hopping across the first

frequency band and the second frequency band.
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26.  The wireless communication apparatis of claimm 19,

wherein the PUSCH further comprises a first demodulation reference signal
{(DMRS) and a second DMRS, and

wherein the mapping further comprises:

dividing the modulated UCT symbols of each control mformation type into a
plurality of groups; and

mapping each group of the modulated UCT symbols to one or more OFDM

symibols starting at an OFDM symbol adjacent to the first DMRS or the second DMRS.

27.  The wireless communication apparatus of claim 26,
wherein the first DMRS 13 front-loaded in the PUSCH, and the first DMRS and
the second DMRS are separated by one or more OFDM symbols; and

wherein the mapping further comprises:

mapping a first group of the UCT symbols to OFDM symbols adjacent to
the first DMRS;

mapping a second group of the UCT symbols to OFDM symbols adjacent
to and earlier in time than the second DMRS; and

mapping a third group of the UCT symbols to OFDM symbols adjacent to

and later in tune than the second DMRS.

28. A computer-readable storage medium comprising executable code to

cause a computer to:

modulate uplink control information (UCL) comprising a plurality of
control information types, to generate a plurality of modulated UCT symbols;

map the plurality of modulated UCI symbols to a plurality of resource
clements (REs) of a physical uplink shared channel (PUSCH) such that the modulated
LICE symbols of each control information type are distributed according to a
predetermined step size among the REs of one or more corresponding orthogonal
frequency division nubtiplexing (OFDM) symbols of the PUSCH; and

transmit data in the PUSCH mcluding the UCT using a communication

interface.

29, The computer-readable storage medium of claim 28,
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wherein the UCH comprises a hybrid antomatic repeat request acknowledgment
(HARQ-ACK), a first portion of control state information (CSI), and a second portion
of CSI; and
wherein the computer-readable storage medium further comprising executable
code to cause the computer to:
map the HARQ-ACK to a first set of the REs;
map the first portion of CSI to a second set of the REs; and

map the second portion of CS1 to a third set of the REs.

30.  The computer-readable storage medium of claim 29, wherein two or
more of the first set of the REs, the second set of the REs, and the third set of the REs,

are multiplexed in a frequency domain in each of the OFDM symbols.

31, The computer-readable storage medinm of claim 30, further comprising
executable code to cause the computer to:
mterleave two or more of the REs of the HARQ-ACK, the REs of the first

portion of USL, and the REs of the second portion of CSL in an OFDM symbol.

32, The computer-readable storage medium of claim 29, further cormprising
executable code to cause the computer to:

map the HARQ-ACK to one or more OFDM symbols of the PUSCH eatlier in a
time domain than the first portion of CS1 and the second portion of CSI; or

map the first portion of CS1 to one or more OFDM symbols of the PUSCH

earhier in a time domain than the HARQ-ACK.

33, The computer-readable storage mediur of claim 29, further corprising
executable code to cause the computer to:

map the HARQ-ACK, the first portion of C81, and the second portion of CSI to
the OFDM symbaols of the PUSCH in a predetermined order in a time domain; and

for each OFDM symbol, evenly distribute modulated symbols of one or more of
the FIARQ-ACK, the first portion of CS1, and the second portion of TSI mapped to the

OFDM symbols, in a frequency domain.
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34, The computer-readable storage medium of claim 28, further comprising
executable code to cause the computer to:

divide the modulated UCI symbols into a first partition and a second partition;
and

map the first partition to REs of a first frequency band and the second partition
to REs of a second frequency band; and

transmit the data including the modulated UCI symbols in the PUSCH using

frequency hopping across the first frequency band and the second frequency band.

35. The computer-readable storage medium of claim 28,

wherein the PUSCH further comprises a first demodulation reference signal
{DMRS) and a second DMRS, and

wherein the computer-readable storage medium further comprises executable
code to cause the computer to:

divide the modulated UCH symbols of cach control information type into a
plurality of groups; and

map each group of the modulated UCT symbols to one or more OFDM symbols

starting at an OFDM symbol adjacent to the first DMRS or the second DMRS.

36. The computer-readable storage medium of claim 35,
wherein the first DMRS is front-loaded in the PUSCH, and the first DMRS and
the second DMRS are separated by one or more OFDM symbols; and
wherein the computer-readable storage medium firther comprises executable
code to cause the computer to:
map a first group of the UCH symbols to OFDM symbols adjacent to the
first DMRS;
map a second group of the UCT symbols to OFDM symbols adjacent to
and earlier in time than the second DMRES; and
map a third group of the UCI symbols to OFDM symbols adjacent to and

later in tiroe than the second DMRS.



