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(57) Abstract: Described are methods, systems and devices for improved uplink control channel transmissions. In some embodiments,
the disclosed technology provides rules for selectively transmitting at least a portion of a scheduling request (SR) or at least a portion
of a hybrid automatic repeat request (HARQ) acknowledgement (ACK) message when their time resources overlap. [n an example, the
selective transmission is based on the lengths of their time resources, starting positions of their time resources, or their traffic types.
In other embodiments, rules are provided for increasing transmission diversity, and for selecting a physical uplink control channel
(PUCCH) format when at least three PUCCH formats are available and a minimum number of physical resource blocks (PRBs) for at
least two physical uplink control channel (PUCCH) formats are the same.



WO 2019/136706 PCT/CN2018/072442

METHODS AND SYSTEMS FOR UPLINK CONTROL CHANNEL

TRANSMISSION

TECHNICAL FIELD

This document generally relates to systems, devices, and techniques for wireless

communications.

BACKGROUND

Wireless communication technologies are moving the world toward an increasingly
connected and networked society. The rapid growth of wireless communications and advances in
technology has led to greater demand for capacity and connectivity. Other aspects, such as energy
consumption, device cost, spectral efficiency, and latency are also important to meeting the needs of
various communication scenarios. In comparison with the existing wireless networks, next
generation systems and wireless communication techniques need to support much deeper coverage

and huge number of connections.

SUMMARY

This document relates to methods, systems, and devices for uplink control channel
transmissions. Embodiments of the disclosed technology solve several issues related to the
transmission of a scheduling request (SR) and a hybrid automatic repeat request (HARQ)
acknowledgement (ACK) message. This is achieved by providing a set of rules that establish
priorities between existing parameters and procedures in a variety of situations to improve system
performance. For example, this patent document discloses rules for the transmission of the SR and
the HARQ-ACK message when their resources either partially or completely overlap, for increasing
transmission diversity, and for selecting an appropriate transmission format.

In one exemplary aspect, a wireless communication method is disclosed. The method
includes determining that a first set of time resources overlaps with a second set of time resources,

wherein a first set of resources for a first type of communication comprises the first set of time
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resources, and wherein a second set of resources for a second type of communication comprises the
second set of time resources, and transmitting a signal, wherein the signal excludes at least a portion
of the first type of communication based on lengths of the first and second sets of time resources,
starting positions of the first and second sets of time resources, or traffic types of the first and second
types of communication.

In another exemplary aspect, a wireless communication method is disclosed. The
method includes determining that a first set of time resources overlaps with a second set of time
resources, wherein a first set of resources for a scheduling request (SR) comprises the first set of time
resources, and wherein a second set of resources for a hybrid automatic repeat request (HARQ)
acknowledgement (ACK) message comprises the second set of time resources, and transmitting a
signal comprising at least a portion of the SR or at least a portion of the HARQ-ACK based on a
format used on the first and second set of time resources or a type of the SR.

In yet another exemplary aspect, a wireless communication method is disclosed. The
method includes determining that a first set of time resources for a scheduling request (SR) overlaps
with a second set of time resources for a hybrid automatic repeat request (HARQ) acknowledgement
(ACK) message, determining an initial cyclic shift for a transmission of only the HARQ-ACK
message, and transmitting the SR and the HARQ-ACK message over a set of transmission resources,
wherein the set of transmission resources are based on the initial cyclic shift or a type of the SR.

In yet another exemplary aspect, a wireless communication method is disclosed. The
method includes determining that a minimum number of physical resource blocks (PRBs) for at least
two physical uplink control channel (PUCCH) formats are the same, wherein at least three PUCCH
formats are available, and selecting one of the at least three PUCCH formats based on a rule, wherein
the rule is based on a number of symbols, a code rate, or a multiplexing capacity associated with each
of the at least three PUCCH formats.

In yet another exemplary aspect, the above-described methods are embodied in the form
of processor-executable code and stored in a computer-readable program medium.

In yet another exemplary embodiment, a device that is configured or operable to perform
the above-described methods is disclosed.

The above and other aspects and their implementations are described in greater detail in

the drawings, the descriptions, and the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example of a base station (BS) and user equipment (UE) in wireless
communication, in accordance with some embodiments of the presently disclosed technology.

FIG. 2 shows examples of cases where resources for the SR and the HARQ-ACK
message partially overlap.

FIG. 3 shows another example of a case where resources for the SR and the HARQ-ACK
message partially overlap.

FIG. 4 shows yet another example of a case where multiple resources for SRs and
HARQ-ACK messages partially overlap.

FIG. 5 shows an example of a wireless communication method for uplink control channel
transmissions.

FIG. 6 shows another example of a wireless communication method for uplink control
channel transmissions.

FIG. 7 shows yet another example of a wireless communication method for uplink control
channel transmissions.

FIG. 8 shows yet another example of a wireless communication method for uplink control
channel transmissions.

FIG. 9 is a block diagram representation of a portion of an apparatus that may implement

a method or technique described in this patent document.

DETAILED DESCRIPTION

Among the signaling from the UE to the network, scheduling request (SR) and hybrid
ARQ (HARQ) feedback are among the most important ones. SR is used by the UE to request
resource allocation in the UL so it can send data. HARQ feedback is necessary for the HARQ
operation. The feedback is an ACK if the UE recognized data intended for it on the physical
downlink shared channel (PDSCH) and the UE did not detect any transmission error on the PDSCH
data. Itis a NACK if the UE recognized data intended for it on the PDSCH but the UE detected
some transmission error on the PDSCH data.

Existing communication systems face a variety of challenges with regard to uplink

control channel transmissions. In an example, the UE behavior when the physical uplink control
3
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channel (PUCCH) carrying an SR partially overlaps with the PUCCH transmission of the
HARQ-ACK or the periodic channel state information (P-CSI) is ill-defined. In another example,
simultaneous transmission of the SR and the HARQ-ARQ message in severe channel fading
conditions results in seriously degraded performance. In yet another example, the use of PUCCH
format 0 in New Radio (NR) does not support transmission diversity. In yet another example, the
selection of the appropriate PUCCH format is ill-defined. In yet another example, an implicit
mapping that selects between two possible PUCCH resources, when a large number of PUCCH
resources are available, is not well defined. The technology disclosed in this patent document
address these issues related to uplink control channel transmissions.

FIG. 1 shows an example of a wireless communication system that includes a base station
(BS) 120 and one or more user equipment (UE) 111, 112 and 113. In some embodiments, each of
the UEs may transmit uplink control information (UCI) (131, 132, 133). For example, the UCI may
comprise an SR or a HARQ-ACK message. In response to requests or feedback, the base station

may then transmit control information or data (141, 142, 143) back to the UEs.

SR Transmission Partially Overlaps With HARQ-ACK/P-CSI Transmission

Embodiment 1. As shown in FIG. 2, four cases are shown in which PUCCH carrying SR
partial overlaps with PUCCH transmission of HARQ-ACK in the time domain. In Cases 1 and 2, the
PUCCH symbols for SR transmission fully or partially includes PUCCH symbols for HARQ-ACK
transmission, and the starting symbol of PUCCH symbols for HARQ-ACK transmission is later than that
of SR transmission. In Cases 3 and 4, PUCCH symbols for HARQ-ACK transmission fully or partially
includes PUCCH symbols for SR transmission, and the starting symbol of PUCCH symbols for SR
transmission is later than that of HARQ-ACK transmission.

In some embodiments, the UE may have the capability and may be configured to transmit
both channels, and the UE would transmit both SR and HARQ-ACK using the corresponding
configured resources. In other embodiments, the UE may not have this ability and its behavior may
be defined in the context of the cases shown in FIG. 2.

In some embodiments, the transmission with the longer length is dropped, or not
transmitted. For example, in Case 2, the HARQ-ACK transmission may be entirely dropped, such
that both the HARQ-ACK transmission is not resumed even for the non-overlapping symbols of the

HARQ-ACK transmission. If the length of time-domain resources for SR and HARQ-ACK are the

4
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same, the one first transmitted has high priority.

In some embodiments, the UE may drop the one used for enhanced Mobile Broadband
(eMBB) transmission if the other transmission is for Ultra-Reliable and Low Latency
Communication (URLLC). For example, if the transmission of SR is for eMBB traffic and
HARQ-ACK message is for the feedback of a downlink URLLC transmission, the UE would drop
SR transmission.

In some embodiments, the priority rules for when the SR transmission partially overlaps
with the HARQ-ACK/P-CSI transmission include (1) dropping the transmission with the longer
length (if the transmissions have identical lengths, the one transmitted first has a higher priority and
will be transmitted), and (2) dropping the transmission based on the traffic type. In an example,
URLLC traffic is prioritized over eMBB traffic.

In some embodiments, the following set of rules may be adopted when dropping the
transmission with the lower priority:

(1) The UE drops all the symbols of the lower priority transmission.

(2) The UE only drops the hop containing overlapping symbols, and the hop without a
collision (the non-overlapping symbols) would still be transmitted. In an example, one PUCCH
transmission may have more than 1 hops if frequency hopping is enabled.

(3) The UE only drops the overlapping symbols, and the non-overlapping symbols would
still be transmitted.

(4) The rule may depend on the UE implementation. For example, the UE shall attempt
to drop all the symbols once it notices the collision.

In the example shown in FIG. 3, the configured PUCCH for the SR transmission is a long
PUCCH with frequency hopping is enabled, while the HARQ-ACK message is indicated to be
transmitted in a short PUCCH. In this case, UE can only transmit positive SR in the first hop (Hop
1) using the corresponding SR resources configured, and drop SR transmission in the second hop
(Hop 2). Furthermore, the UE transmits short PUCCH using the resources configured for
HARQ-ACK. In some embodiments, the example of FIG. 3 may be implemented using any
available PUCCH format.

Embodiment 2. In some embodiments, when PUCCH symbols for SR transmission

partially overlap with HARQ-ACK transmission which is expected to be transmitted using PUCCH
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format 0, at least one of the rules described in Table 1 may be implemented.

Table 1: Procedures for partial overlap using PUCCH Format 0

e In case of negative SR, HARQ-ACK is transmitted using HARQ-ACK-only resources
e In case of positive SR,
o On the overlapping symbols,
= HARQ-ACK and SR are transmitted using resources configured for
HARQ-ACK+SR.
=  Or, HARQ-ACK is transmitted using the configured SR resources. Here the
SR resources includes resources both in frequency and code domain.
HARQ-ACK is BPSK or QPSK modulated for one or two bits HARQ-ACK
respectively.
o On the non-overlapping SR symbols (if any),
= SR is transmitted using the configured SR resources,
= Or SR is dropped. Or in the hop without overlapping symbols, SR is
transmitted using the configured SR resources, but in the hop with
overlapping symbols, SR is dropped.
o On the non-overlapping HARQ-ACK symbols (if any), HARQ-ACK is transmitted
using the configured HARQ-ACK resources.

In an example, PUCCH format 0 is a short PUCCH format based on sequence selection
for 1~2 bits HARQ-ACK transmission, i.e., different HARQ-ACK states are carried by different
cyclic shift sequences. The cyclic shift sequences configured for HARQ-ACK+SR may be in the
same physical resource block (PRB) with the cyclic shift sequences configured for HARQ-ACK
only. In some embodiments, the configured PUCCH for SR is a PUCCH format 1 (long PUCCH
format for 1~2 bits UCI).

In some embodiments, when the configured PUCCH symbols for SR transmission
partially overlaps with the HARQ-ACK message transmission, and is expected to be transmitted
using PUCCH format 1. In an example, PUCCH format 1 is a long PUCCH format based on
sequence modulation for 1~2 bits HARQ-ACK transmission. In this scenario, at least one of the

rules described in Table 2 may be implemented.
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Table 2: Procedures for partial overlap using PUCCH Format 1

¢ On the overlapping HARQ-ACK symbols,
o UE shall transmit HARQ-ACK using the configured SR resources,
o Or, UE shall transmit HARQ-ACK using the configured cyclic shifts for SR and
the configured frequency resources for HARQ-ACK.
e On the non-overlapping SR symbols (if any), SR is dropped, or SR is transmitted using the
configured SR resources.
¢ On the non-overlapping HARQ-ACK symbols (if any), HARQ-ACK is transmitted using
the configured HARQ-ACK resources including both time/frequency/code domain

In some embodiments, the configured PUCCH for SR is a PUCCH format 0.

Embodiment 3. In some embodiments, when the configured PUCCH symbols for a SR
transmission partially overlaps with HARQ-ACK transmission, and is expected to be transmitted
using short PUCCH format 2 carrying more than 2 bits. For example, the SR is used for triggering
eMBB traffic and the short PUCCH is used for the feedback of one or multiple downlink (DL)
URLLC transmissions. The following rule is used:

e A single SR bit is jointly coded with HARQ-ACK bits and to be transmitted using
HARQ-ACK resources.

In some embodiments, when the configured PUCCH symbols for a SR transmission
partially overlaps with HARQ-ACK transmission, and is expected to be transmitted using long
PUCCH format 3/4 carrying more than 2 bits, the following rule is used:

e A single SR bit is jointly coded with HARQ-ACK bits and to be transmitted using
HARQ-ACK resources. Or HARQ-ACK transmission is dropped, and SR is transmitted on
the configured SR resources.

Embodiment 4. As shown in Case 1-2 in FIG. 4, PUCCH symbols for SR transmission
overlaps with multiple HARQ-ACK transmission. In some embodiments, the UE may use the rules
defined in the context of Embodiment 1 and/or Embodiment 2.

In some embodiments, if HARQ-ACK is expected to transmitted in PUCCH format with
more than 2 bits, a single SR bit is jointly coded with HARQ-ACK bits in each HARQ-ACK
transmission occasions that having collision with SR transmission, or a single SR bit is jointly coded
with HARQ-ACK bits only in the first HARQ-ACK transmission occasion that having collision with

SR transmission.
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In some embodiments, if HARQ-ACK is expected to be transmitted in PUCCH format 0,
ecach HARQ-ACK in each HARQ-ACK transmission occasion is transmitted on its overlapping
symbols using SR resources. Here the SR resources includes resources both in the time, frequency
and code domain. HARQ-ACK is BPSK or QPSK modulated for one or two bits HARQ-ACK
respectively. Or, HARQ-ACK and SR are transmitted using resources configured for
HARQ-ACK+SR.

As shown in Case 3-2 in FIG. 4, PUCCH symbols for HARQ-ACK transmission overlaps
with multiple SR transmission occasions. In some embodiments, the UE may use the rules defined
in the context of Embodiment 1 and/or Embodiment 2.

In some embodiments, if HARQ-ACK is expected to be transmitted in PUCCH format
with more than 2 bits, a single SR bit corresponding to the first SR occasion is jointly coded with
HARQ-ACK bits, or all SR bits corresponding to each SR occasion are jointly coded with
HARQ-ACK bits, or only the SR occasion corresponding to high priority is regarded as one bit and
jointly coded with HARQ-ACK bits. The priority here could be a URLLC traffic. The coded bits
are transmitted using HARQ-ACK resources.

In some embodiments, if HARQ-ACK is expected to be transmitted in PUCCH format 0,
ecach HARQ-ACK in each HARQ-ACK transmission occasion is transmitted on its overlapping
symbols using SR resources. Here the SR resources includes resources both in the time, frequency
and code domain. HARQ-ACK is BPSK or QPSK modulated for one or two bits HARQ-ACK
respectively. Or, HARQ-ACK and SR are transmitted using resources configured for
HARQ-ACK+SR.

Embodiment 5. In some embodiments, the HARQ-ACK message may also be a
periodic CSI (P-CSI) message. For example, the disclosed embodiments also apply to partially
overlapped transmission of SR and periodic/semi-static CSI in PUCCH. Note, periodic/semi-static
CSI can only be carried in PUCCH formats for more than 2 bits UCI, e.g., PUCCH format 2, or,
PUCCH format 3 or PUCCH format 4.

In some embodiments, the SR may also be a periodic CSI (P-CSI) message. For
example, the disclosed embodiments also apply to partially overlapped transmission of HARQ-ACK
and periodic/ semi-static in PUCCH. In some cases, UE is not configured the simultancous

transmission of HARQ-ACK and periodic/ semi-static. In some embodiments, HARQ-ACK and
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P-CSI are jointly coded and transmitted using the configured HARQ-ACK resources or periodic/
semi-static resources.

The disclosed embodiments also apply to the partial overlap of PUCCH and physical
uplink shared channel (PUSCH).

In some embodiments, UE is not expected to transmit a SR partially overlaps with a
HARQ-ACK transmission in the time domain. In other words, a SR transmission from a UE is not
expected to have a partial overlap time resource with a HARQ-ACK transmission from the UE.
That is, the time resource of a SR transmission and a HARQ-ACK transmission are either exactly the
same or time-division multiplexed (TDMed).

In some embodiments, UE is not expected to transmit a SR partially overlaps with a
HARQ-ACK transmission in time domain, wherein the HARQ-ACK is carried on some of PUCCH
formats, e.g., PUCCH Formats for more than 2 bits, or PUCCH format 1 and PUCCH Formats for
more than 2 bits.

In some embodiments, UE is not expected to transmit a SR partially overlaps with a
periodic CSI transmission in PUCCH, or aperiodic CSI transmission in PUCCH, or aperiodic CSI
transmission in PUSCH.

In some embodiments, UE is not expected to transmit HARQ-ACK partially overlaps
with a periodic/ semi-static CSI transmission in PUCCH, or aperiodic CSI transmission in PUCCH,
or aperiodic CSI transmission in PUSCH.

In some embodiments, UE is not expected to transmit a SR partially overlaps with a
HARQ-ACK transmission in time domain, wherein, the time resources of SR transmission and
HARQ-ACK transmission both contain more than 4 symbols (long duration) or both contain no more
than 2 symbols (short duration).

In some embodiments, UE is not expected to transmit a SR partially overlaps with a
HARQ-ACK transmission in time domain, wherein, the time resource of SR transmission contains
more than 4 symbols (long duration) and the time resource of HARQ-ACK transmission contains no
more than 2 symbols (short duration); Or the time resource of HARQ-ACK transmission contains
more than 4 symbols (long duration) and the time resource of SR transmission contains no more than

2 symbols (short duration).
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Simultaneous Transmission of SR and HARQ-ACK

In some embodiments, and for the simultaneous transmission of 1 or 2 bits HARQ-ACK
and SR using PUCCH format 0, the following two cases are considered:

(1) In case of negative SR, the same PUCCH resources as for HARQ-ACK only
transmission are used.

(2) In case of positive SR, HARQ-ACK are transmitted on the PRB for HARQ-ACK only
transmission. In an example, the mapping of ACK and NACK to cyclic shifts is based on the index
of initial cyclic shift of the HARQ-ACK only (CSinisia) and a fixed mapping pattern as given in Table
3 and Table 4 below corresponding to 1- and 2-bit HARQ-ACK, respectively.

Table 3: Mapping pattern for 1-bit HARQ-ACK and positive SR
HARQ-ACK NACK ACK

(CSinsitiart3y mod | (CSinsiriart®) mod

Cyclic shift
12 12

Table 4: Mapping pattern for 2-bit HARQ-ACK and positive SR

HARQ-AC
K NACK, NACK NACK, ACK ACK, ACK ACK, NACK
. (CSinsisiar+1) mod (CSinsitiart4) mod (CSiuitiart 7y mod (CSinsitiart10) mod
Cyclic shift 2 2 2 2

In some embodiments, a maximum of 12 SR per PRB can be configured with semi-static
SR simultaneously. In other embodiments, one PRB can support simultaneous transmission of 2-bit
HARQ-ACK with SR only for one UE, and the four remaining resources can be used for other
purposes (e.g., 1-bit A/N with SR or 2-bit A/N only).

Based on the above embodiment, totally 8 cyclic shifts in one PRB are used for
transmission of positive SR and 2 bits HARQ-ACK in PUCCH format 0. The minimum cyclic shift
distance is 1, which would be detrimental to the performance, especially when the delay spread of the
channel is large. A complementary scheme is to also allow positive SR and 1/2 bits HARQ-ACK
could be transmitted in different resource blocks (RBs).

In some embodiments, the cyclic shifts used for transmission of positive SR and

HARQ-ACK using PUCCH format 0 could be in N PRBs, where N, for example, is 2. In some

10
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embodiments, one PRB is used for HARQ-ACK only transmission, and one PRB is used for
transmission of HARQ-ACK and positive SR.

In some embodiments, two PRBs are used for the combination of SR and HARQ-ACK.
For instance, the cyclic shifts for the transmission of ‘NACK, NACK” and negative SR, or ‘NACK,
ACK’ and negative SR, or ‘NACK, NACK’ and positive SR, or ‘NACK, ACK’ and positive SR are
allocated in one PRB, and the cyclic shifts for the transmission of ‘ACK, ACK’ and negative SR, or
‘ACK, NACK’ and negative SR, or ‘ACK, ACK’ and positive SR, or ‘ACK, NACK’ and positive
SR are allocated in another PRB. Table 5 and Table 6 give two options as a detailed example for
2-bit HARQ-ACK and SR transmission.

In some embodiments, the cyclic shifts used for transmission of positive SR and 1-bit
HARQ-ACK using PUCCH format 0 are in one PRB, and the cyclic shifts used for transmission of
positive SR and 2-bit HARQ-ACK using PUCCH format 0 are in more than 1 PRB.

In an example, denote the PRB used for HARQ-ACK only transmission indicated by
network as RB#i. In some embodiments, the other PRB denoting as RB#j used for transmission of
HARQ-ACK and positive SR is implicitly indicated by RB#i. For instance, j=i + offset_value.
The offset value could be a default value such as offset value=1. Orj=N-1-i, where N is the
number of PRBs in the bandwidth part. Or offset value is a function of CSj,i., Which is the initial
cyclic shift configured for HARQ-ACK only.

In some embodiments, the PRB denoting as RB#j used for transmission of HARQ-ACK
and positive SR is the same RB configured for SR-only transmission (denoting as RB#k), or is
implicitly indicated by RB#k. For example, j =k + CSjiniar + offset_value2, where CSiyisiar 1S the
initial cyclic shift configured for HARQ-ACK only.

In some embodiments, the PRB denoting as RB#j used for transmission of HARQ-ACK
and positive SR is configured by RRC signaling.

The cyclic shifts for HARQ-ACK and positive SR in RB#j could be the same as the cyclic
shifts configured for HARQ-ACK only, or are implicitly indicated by the initial cyclic shift
configured for HARQ-ACK only, or the initial cyclic shift in RB#j is configured by RRC signaling,
or are implicitly indicated by the cyclic shift configured for SR only.

A triggering condition of allowing positive SR and 1/2 bits HARQ-ACK to be

transmitted in more than one RBs, could be determined by the index of one or more resources in a

11
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configured PUCCH resource set. For example, the resource here includes CSisirar, the initial cyclic
shift configured for HARQ-ACK only. For instance, when the configured CSjysisiar is a value ranging
0~M, only one PRB is used for HARQ-ACK only and HARQ-ACK + SR, while when the configured
CSiniriar 15 a value ranging M+1~N, more than one PRBs are used for HARQ-ACK only and
HARQ-ACK + SR, transmission respectively. Assuming the length of sequence is K, M=K/2-1 and
N=K-1. In another example, the triggering condition between using one or more than one PRB
depends on whether the value of CS;,i1 1s 0dd or even. In yet another example, the triggering
condition between using one or more than one PRB depends on whether the initial PRB index or the

starting symbol index is odd or even.

Table S: Mapping pattern for 2-bit HARQ-ACK and SR in PRB#i

NACK,
NACK, ACK NACK, NACK+ NACK, ACK

HARQ-ACK | NACK+ .
positive SR

negative SR | * negative SR + positive SR
Cyclic shift
: CSinitial (CSinitiart6) m0d 12 | (CSimisiart3) mod 12 | (CSuiiart9) mod 12
Option 1
Cyclic shift
- CSinitial (CSinitiart3) m0d 12 | (CSimisiart6) mod 12 | (CSuiiart9) mod 12
Option 2

Table 6: Mapping pattern for 2-bit HARQ-ACK and SR in PRB#j

ACK, ACK+ ACK, NACK+ ACK, ACK+ ACK, NACK+
negative SR negative SR positive SR positive SR

HARQ-ACK

Cyclic shift
CSinitial (CSinsitiart6) mod 12 | (CSisisiart3) mod 12 | (CSisisiar9) mod 12
Option 1

Cyclic shift

) CSinitial (CSinsitiart3) mod 12 | (CSinsisiart6) mod 12 | (CSisisiar9) mod 12
Option 2

In some embodiments, for 1-bit HARQ-ACK and SR transmission, the cyclic shift for
ACK and positive SR, is implicitly indicated by the initial cyclic shift for HARQ-ACK only. The
resource for NACK and positive SR is the same as the resource configured for SR-only.

In some embodiments, for 2-bit HARQ-ACK and SR transmission, the cyclic shifts for
‘NACK, ACK’ and positive SR,“ACK, NACK’ and positive SR, and‘ACK, ACK’ and positive SR
are implicitly indicated by the initial cyclic shift for HARQ-ACK only. The resource for ‘NACK,
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NACK’ and positive SR is the same as the resource configured for SR-only.

Supporting Transmission Diversity in PUCCH Format 0 for NR

In some embodiments, PUCCH format 0 is a format based on sequence selection. For
1-bit HARQ-ACK transmission, 2 cyclic shifts are needed, while 4 cyclic shifts are required for 2-bit
HARQ-ACK transmission. When the number of transmitter ports increases, the number of
resources would be exponentially increased if using orthogonal resources for different ports.

In the following examples, the sequence length is assumed to be N=/2, and the CS
configurations for these examples are disclosed.

Embodiments with 1-bit HARQ-ACK. Ifa UE transmits HARQ-ACK using PUCCH

format 0, the UE determines a value ”cs for computing a value of cyclic shift « as ™es =7+

where " is provided by higher layer parameter PUCCH-FO0-F I -initial-cyclic-shift of

PUCCH-F0-resource-config, and = is determined by Table 3 for different antenna ports for 1-bit
HARQ-ACK transmission.

Table 7: Cyclic shift configuration for 1-bit HARQ-ACK transmission using 2 ports

HARQ-ACK NACK ACK
Antenna port 0 1 0 1
Cyclic shift
0 3 6 9
Option 1
Cyclic shift
0 6 3 9
Option 2
Cyclic shift
0 1 6 7
Option 3
Cyclic shift
0 0 6 6
Option 4

For Option 1, the cyclic shift distance between ACK and NACK is the largest, i.e., N/2 on
each antenna port. For Option 2, the cyclic shift distance for a specific HARQ-ACK state is the
largest i.e., N/2 between different antenna ports. But for both Option 1 and Option 2, the cyclic shift
between ACK and NACK is 3 among two ports.

13
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For Option 3, the cyclic shift between ACK and NACK is 5 among two ports. Option 3
may have a better performance in large delay spread channel.
For Option 4, the cyclic shift between ACK and NACK is 6 among two ports. But the

transmission diversity is lost.

Table 8: Cyclic shift configuration for 1-bit HARQ-ACK transmission using 4 ports

HARQ-ACK NACK ACK
Antenna port 0 1 2 3 0 1 2 3
Cyclic shift
0 3 7 10 6 9 1 4
Option 1
Cyclic shift
0 3 6 9 7 10 1 4
Option 2
Cyclic shift
0 1 2 3 6 7 8 9
Option 3
Cyclic shift
0 0 1 1 6 6 7 7
Option 4

For Option 1, the cyclic shift distance between ACK and NACK is the largest, i.e., N/2 on
each antenna port. For Option 2, the cyclic shift distance for a specific HARQ-ACK state is the
largest i.e., N/4 among different antenna ports. But for both Option 1 and Option 2, the cyclic shift
between ACK and NACK is 1 among four ports.

For Option 3, the cyclic shift between ACK and NACK is 3 among four ports. Option 3
may have a better performance in large delay spread channel.

For Option 4, the cyclic shift between ACK and NACK is 5 among two ports. But
partial transmission diversity is lost.

In other embodiments, another alternative is the cyclic shift m is indicated by RRC.

In some embodiments, the network configures P groups, each group contains Q
cyclic shifts, where P is the number of HARQ-ACK states (P=2 for 1 bit and P=4 for two bits),
Q is the number of transmission ports for PUCCH. For Option 3, the minimum CS distance in
each group is 1, while the minimum CS distance is 6 for a specific antenna port among different

groups.
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In some embodiments, the network configures P groups, each group contains Q cyclic
shifts, where P is the number of transmission ports for PUCCH, Q is the number of HARQ-ACK
states (Q=2 for 1 bit and Q=4 for two bits). For Option 3, the minimum CS distance in each group is
6, while the minimum CS distance 1 among different groups.

In some embodiments, the cyclic shift in each group is in the same PRB, if the number of
cyclic shifts in each group is no more than X. X is4 or 8. Otherwise, the cyclic shift in each group
could be distributed in different PRBs.

For a specific option, the value in each entry can be shifted by a same offset. For
example, assuming the value in an entry is a, it can be shifted by mod( a+offset, 12). In some
embodiments, divide a sequence into N parts, where N is the number of antenna ports. UE transmits
one unique part out of the N parts on each antenna ports. For example, if N=2, one part is the even
points of the sequence, and another part is the odd points of the sequence, or one part is the points of
the sequence indexing from 0~5, and another part is the odd points of the sequence, indexing from
6~11.

Embodiments with 2-bit HARQ-ACK.

Table 9: Cyclic shift configuration for 2-bit HARQ-ACK transmission using 2 ports

HARQ-ACK 00 01 11 10
Antenna port 0 1 0 1 0 1 0 1
Option 1 0 3 6 9 1 4 7 10
Option 2-1 0 6 3 9 1 4 7 10
Option 2-2 0 6 1 4 3 9 7 10
Option 3 0 1 3 4 6 7 9 10
Option 4 0 0 3 3 6 6 9 9

Another alternative is the cyclic shift m is indicated by RRC.

In some embodiments, the network configures P groups, each group contains Q cyclic
shifts, where P is the number of transmission ports for PUCCH, Q is the number of HARQ-ACK
states (Q=2 for 1 bit and Q=4 for two bits). For Option 3, the minimum CS distance in each group is

N/Q=3, while the minimum CS distance 1 among different groups.
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Table 10: Cyclic shift configuration for 2-bit HARQ-ACK transmission using 4 ports

HARQ-ACK 00 01 11 10

Antennaport (0| 123|012 (3 (0|1(2{3|0(1|2]3

Optionl |0|1[2(|3]|6|7|8[9(0[1[2{3|6|7|8|9

Option 2 011012323 |6|7(6[T7(8[9|8]9

Option 3 112(3(4]5 617181901

Another alternative is the cyclic shift m is indicated by RRC.

In some embodiments, the network configures P groups, each group contains Q cyclic
shifts, where P is the number of HARQ-ACK states (P=2 for 1 bit and P=4 for two bits), Q is the
number of transmission ports for PUCCH. For Option 1, the CS in the first two groups are in the
first PRB, the CS in the last two groups are in the second PRB.

In some embodiments, the network configures P groups, each group contains Q cyclic
shifts, where P is the number of transmission ports for PUCCH, Q is the number of HARQ-ACK
states (Q=2 for 1 bit and Q=4 for two bits). For Option 2, the CS in the first two groups are in the
first PRB, the CS in the last two groups are in the second PRB. For Option 3, the CS in the first
three groups are in the first PRB, the CS in the last groups are in the second PRB.

In some embodiments, for 2-bit HARQ-ACK transmission with 2 or 4 transmitting
antenna ports, the two HARQ-ACK is bundled to one bit. In other embodiments, for 2-bit
HARQ-ACK transmission with 2 or 4 transmitting antenna ports, the bundled one bit HARQ-ACK is
transmitted using the same CS configuration for 1-bit HARQ-ACK transmission with 2 or 4
transmitting antenna ports respectively, as shown in Table 7 and Table 8.

Embodiments with 1-bit HARQ-ACK + SR.

Table 11: Cyclic shift configuration for 1-bit HARQ-ACK+SR transmission using 2 ports

HARQ-ACK+S
R

00 01 11 10

Antenna port 0 1 0 1 0 1 0 1

Option 1 0 1 3 4 6 7 9 10
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In Table 11, the two bits ‘00°,°01°, “11°, or 10’ corresponds to ‘NACK, negative SR,
‘NACK, positive SR’, ‘ACK, positive SR’, or ‘ACK, negative SR’ respectively.

In some embodiments, one of the options shown in Table 9 can also be used for 1-bit
HARQ-ACK and SR transmission using two ports, by re-interpreting the two bits HARQ-ACK to
1-bit HARQ-ACK and SR transmission.

In some embodiments, the options shown in Table 11 can also be used for 2-bit
HARQ-ACK transmission using two ports, by re-interpreting the 1-bit HARQ-ACK and SR

transmission to two bits HARQ-ACK.

Table 12: Cyeclic shift configuration for 1-bit HARQ-ACK+SR transmission using 4 ports

HARQ-AC 00

1 1 1
K4SR 0 0
Antenna 1 oo sl 2 (3 lol1l2l3]o] 1] 23
port

. BE
Option 1 0120345367869019

In Table 12, the two bits ‘00°,°01°, “11°, or 10’ corresponds to ‘NACK, negative SR”’,
‘NACK, positive SR’, ‘ACK, positive SR’, or ‘ACK, negative SR’ respectively.

In some embodiments, one of the options shown in Table 10 can also be used for 1-bit
HARQ-ACK and SR transmission using 4 ports, by re-interpreting the two bits HARQ-ACK to 1-bit
HARQ-ACK and SR transmission.

In some embodiments, the options shown in Table 12 can also be used for 2-bit
HARQ-ACK transmission using four ports, by re-interpreting the 1-bit HARQ-ACK and SR
transmission to two bits HARQ-ACK.

Embodiments with 2-bit HARQ-ACK + SR. For negative SR and 2-bit HARQ-ACK
transmission with 2 transmitting antenna ports, HARQ-ACK is transmitted using the same CS
configuration for 2-bit HARQ-ACK only transmission with 2 transmitting antenna ports in one PRB.
For positive SR and 2-bit HARQ-ACK transmission with 2 transmitting antenna ports, HARQ-ACK
is transmitted using the same CS configuration for 2-bit HARQ-ACK only transmission with 2
transmitting antenna ports in another PRB.

In some embodiments, the 2-bit HARQ-ACK is bundled to one bit. Then, for SR and
17
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2-bit HARQ-ACK transmission with 2 transmitting antenna ports, the bundled 1-bit HARQ-ACK is
transmitted using the same CS configuration for 1-bit HARQ-ACK and SR only transmission with 2
transmitting antenna ports.

For SR and 2-bit HARQ-ACK transmission with 4 transmitting antenna ports, the two
HARQ-ACK is bundled to one bit. Then, for negative SR and 2-bit HARQ-ACK transmission with
4 transmitting antenna ports, the bundled one bit HARQ-ACK is transmitted using the same CS
configuration for 1-bit HARQ-ACK only transmission with 4 transmitting antenna ports in one PRB.
For positive SR and 2-bit HARQ-ACK transmission with 4 transmitting antenna ports, the bundled
one bit HARQ-ACK is transmitted using the same CS configuration for 1-bit HARQ-ACK only
transmission with 4 transmitting antenna ports in another PRB. Or, for SR and 2-bit HARQ-ACK
transmission with 4 transmitting antenna ports, the bundled one bit HARQ-ACK is transmitted using
the same CS configuration for 1-bit HARQ-ACK and SR only transmission with 4 transmitting

antenna ports.

PUCCH Format Selection for UCI

In some embodiments, if the UE cannot determine a PUCCH format 2 or 3 or 4 to
transmit UCI, rules should be specified for UE to pick up one PUCCH format. For example, ifa UE
has periodic/semi-persistent CSI reports and HARQ-ACK/SR to transmit in a PUCCH and the UE
does not determine a PUCCH format 2 or 3 or 4 to transmit HARQ-ACK/SR and the UE is
configured to transmit periodic/semi-persistent CSI report(s) in a PUCCH using PUCCH format 2 or
PUCCH format 3 or PUCCH format 4, respectively, and
PUCCH-F2-simultaneous-HARQ-ACK-CSI = TRUE, or
PUCCH-F3-simultaneous-HARQ-ACK-CSI = TRUE, or
PUCCH-F4-simultaneous-HARQ-ACK-CSI, respectively.

In some embodiments, the rule/procedure disclosed in Table 13 may be implemented.

Table 13: Procedures for selecting a PUCCH format

e Ifthe UE is configured with J21 PUCCH format 2 resources, or with =1 PUCCH

format 3 resources, or with J21 PUCCH format 4 resources, where the resources are

indexed according to an ascending order for a number of corresponding Res
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o if (Oyert O+ Opgi+ O S Migs ™ NEB - NPV ) -7 the PUCCH uses PUCCH format 2
resource 0, or the PUCCH format 3 resource 0, or the PUCCH format 4 resource 0 by

selecting the minimum number A@ggﬁi of PRBs from the MRPESCH PRBs satisfying

(OACK+ Og +0CSI+0CRC) SA@ES;EI N:ZBCM N;IanCH O, r as described in Subclauses 9.2.3 and
9.2.5.1;

. UCCH A/RB UCCH
o elseif (OACK+OSR+OCSI+OCRC)>M1§B,/‘ " WNgeptrt " Vsymby ‘0,7 and

UCCH UCCH .
(OACK"'OSR"'OCSI"'OCRC)SMRPB,j+1 . sc,ctrl Nl;mbfrl 0,r, 0< j<J -1, the UE transmits a

PUCCH conveying HARQ-ACK/SR and periodic/semi-persistent CSI report(s) in a respective
PUCCH where the PUCCH uses PUCCH format 2 resource j+1, or the PUCCH format 3

resource j+1, or the PUCCH format 4 resource j+1 by selecting the minimum number

Migfﬁ?nm of PRBs from the MIEEJCSH PRBs satisfying

(Ogcx+ O + Oy + O ) S MESCSH L NRB L NPUCCHL 1y

RB,j+l,min scetrl symbQ

o else the PUCCH uses PUCCH format 2 resource J —1, or the PUCCH format 3 resource J—1,

or the PUCCH format 4 resource J—1 by selecting the minimum number MP b 1 min Of PRBs
from the MRPESSH PRBs satisfying (OACK+ OSR+0CSI+0CRC)SMIEE,(]:S§Inm' s ctrl sylrjn(lj:gH g, r
where
" O, I1s the total number of HARQ-ACK bits;
" Oy =0 ifthere is no scheduling request bit; otherwise, Oy, =1;
" O is the total number of CSI reports bits;
" O 1 the total number of CRC bits, if any;
= » isthe code rate given by higher layer parameter PUCCH-F2-maximum-coderate for
PUCCH format 2, or PUCCH-F3-maximum-coderate for PUCCH format 3, or
PUCCH-F4-maximum-coderate for PUCCH format 4, respectively.
= MM s the number of PRBs for PUCCH format 2, or PUCCH format 3, or PUCCH

format 4, respectively, where A F°™  is provided by higher layer parameter

PUCCH-F2-number-of-PRBs for PUCCH format 2 or by higher layer parameter
PUCCH-F3-number-of-PRBs for PUCCH format 3, and am e =1 for PUCCH

format 4,

] N:ZBCM N —4 for PUCCH format 2 and NSC otrl = NSIEB for PUCCH format 3 and

PUCCH format 4,

" NSPyIIJn%CH is the number of symbols for PUCCH format 2 ( Symb ) or PUCCH format 3

(Moo ). or PUCCH format 4 (N, ), respectively, where Ngy ' is provided by

higher layer parameter PUCCH-F0-F2-number-of-symbols for PUCCH format 2, and is

19




WO 2019/136706 PCT/CN2018/072442

determined by higher layer parameter PUCCH-F [-F3-F4-number-of-symbols for
PUCCH format 3 or for PUCCH format 4 after excluding a number of symbols used for
DM-RS transmission for PUCCH format 3 or for PUCCH format 4, respectively

= ¢ =1 if pi/2-BPSK is the modulation scheme and 9.=2 jf QPSK is the modulation

scheme as indicated by higher layer parameter PUCCH-PF3-PF4-pi/2BPSK for PUCCH

format 3 or PUCCH format 4. For PUCCH format 2, Zn=2

PUCCH
However, in some embodiments, if the minimum number ~ B/™" of PRBs for at least

two PUCCH formats is the same, an additional rule may be defined.
In some some embodiments, UE uses the following priority rule to select a PUCCH

format; Format 4> Format 3> Format 2 if at least two of the three formats has a same minimum

PUCCH
number ~ RB/min of PRBs, The reason is PUCCH format 4 is a format with long duration which

may satisfy the coverage and have multiplexing capacity. PUCCH format 3 is a long PUCCH
format without multiplexing capacity. PUCCH format 2 is short PUCCH.

In some embodiments, considering PUCCH format 3 without multiplexing capacity may
have the best performance, therefore the priority rule could be Format 3> Format 4> Format 2, or
Format 3> Format 2> Format 4.

In some embodiments, UE uses the following priority rule to select the PUCCH format:

Format 2> Format 4> Format 3 if at least two of the three formats has a same minimum number

PUCCH
RBjmin ofPRBs. This is to save more resources.

In some embodiments, UE uses a PUCCH format has the largest or smallest number of
symbols in the time domain. In some embodiments, if the number of symbols of PUCCH format 3
and format 4 are the same, UE uses PUCCH format 4 for the transmission. In some¢ embodiments, if
the number of symbols of PUCCH format 3 and format 4 are the same, UE uses PUCCH format 3 for
the transmission.

In some embodiments, UE uses a PUCCH format has the lowest code rate. If at least two
PUCCH formats still has the same code rate, UE selects a PUCCH format by an order of: Format 4>
Format 3> Format 2, or Format 2> Format 4> Format 3.

In some embodiments, the priority is based on PUCCH format index, i.e., Format 4>

Format 3> Format 2 or Format 2> Format 3> Format 4. In some embodiments, the priority is based
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on one or more physical resource, where at least includes one or more of the following: a smallest or

largest RB index, a smallest or largest starting index, the number of symbols in time domain.

Mapping when Increased Number of PUCCH Resources are Available

The PUCCH-resource-set-size may be defined as the number of resources in a resource
set configured to a UE. The network uses an 2-bit PUCCH resource indicator field to further
indicate at least one PUCCH resource to the UE.

If the PUCCH-resource-set-size is larger than four and the PUCCH resource indicator
field indicates N PUCCH resources, N>=2, the UE determines a PUCCH resource from the two
PUCCH resources through a mapping function.

One feature of introducing implicit mapping is to enable more alternatives within a
resource set while not increasing the ARI overhead. However, the selection within a subset would
not be always fully controlled by gNB. Therefore, the N resources within a subset better to have a
same format. Otherwise, mismatch of required PUCCH format and actual transmitted format would
occur. For example, the N resources are not allowed to be configured as one for PUCCH Format 0
and another for PUCCH Format 3.

In some embodiments, the N resources within a subset correspond to a same PUCCH
format. In some embodiments, the N resources within a subset correspond to a same PUCCH
format with the same duration in the time domain. In some embodiments, the N resources within a
subset all correspond to a long PUCCH or all correspond to a short PUCCH. In some embodiments,
the N resources within a subset all correspond to a PUCCH for up to 2 bits UCI or all correspond to a
PUCCH for more than 2 bits UCL

Another feature of implicit mapping is to reduce the possibility of collision among UEs,
though cannot be avoided. In LTE, the lowest CCE index of the DL assignment is used to avoid
collision among UEs scheduled in one subframe. In NR, it seems also necessary to introduce a
parameter depending on the slot index in which the assignment is transmitted. Because, the
HARQ-ACK corresponding to multiple PDSCH from different slots may be transmitted in one
PUCCH. So, itis better to also reduce collision possibility incurred by different slots. For example,

the mapping function is given as,

21



WO 2019/136706 PCT/CN2018/072442

n
i = ( TE + c(ns)> modN

where ngqp and L is the lowest CCE index and aggregation level of the DL assignment in slot n,
respectively. c(i) is a pseudo-random function and initialized by a configured ID.

In some embodiments, the mapping function depends on at least one or more following
parameters: CCE index control channel element (CCE) index, control resource set (CORESET)
index, aggregation level (AL), a pseudo-random function which initialized by a configured ID and
the number of N.

In some embodiments, the mapping function could be one or more following equations.

Necg
L

[= (nCORESET + +c (Tls)> modN

. NccE
i (L +ncs(ns,l))modN

. Nccg
L= (nCORESET + T) modN

, Necg
L= (nCORESET + 7 + nes(n, l)) modN

i = (ng(ng, )modN

where, neorpspr 15 the index of the corresponding DL control resource set. nq¢g is the lowest
CCE index of corresponding DL control channel, L is the aggregation level of DL control channel.
n.s(ng, 1) is a function of slot index ns and symbol index /.

In some embodiments, the mapping function is different for different PUCCH formats.
For example, for PUCCH formats with multiplexing capacity, the mapping function could at least be
determined one of the following factors, control channel element (CCE) index, control resource set
(CORESET) index, aggregation level (AL), and the number of N. For PUCCH formats without
multiplexing capacity, the mapping function could at least be determined one of the following factors,
slot index and starting symbol index.

In some embodiments, the mapping function is different for different PUCCH formats.
For example, the mapping function of PUCCH formats with less than 2 bits is different from formats

with more than 2 bits. For example, UE determines a PUCCH resource from the two PUCCH
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resources depending on the state of the first bit for PUCCH formats with less than 2 bits. This may
be beneficial to the HARQ-ACK state randomization.

In some embodiments, the mapping function is different for different PUCCH formats.
For example, the mapping function of PUCCH formats with different duration is different. For
example, UE determines a PUCCH resource from the two PUCCH resources depending on the state
of the number of symbols. In some embodiments, UE would use the first resource if the number of
PUCCH length is even, and use the second resource if the number of PUCCH length is odd. This
may be beneficial to UE multiplexing.

FIG. 5 shows an example of a wireless communication method for uplink control channel
transmissions. The method 500 includes, at step 510, determining that a first set of time resources
overlaps with a second set of time resources, wherein a first set of resources for a first type of
communication comprises the first set of time resources, and wherein a second set of resources for a
second type of communication comprises the second set of time resources.

The method includes, at step 520, transmitting a signal, wherein the signal excludes at
least a portion of the first type of communication based on lengths of the first and second sets of time
resources, starting positions of the first and second sets of time resources, or traffic types of the first
and second types of communication.

In some embodiments, and as described in the context of the “SR Transmission Partially
Overlaps With HARQ ACK/P-CSI Transmission” section described in this patent document
wherein the time resources of a first and second type of communication overlap, the selective
transmission of at least a portion of a first type of communication or at least a portion of a second
type of communication may be based on lengths of the first and second sets of time resources,
starting positions of the first and second sets of time resources, or traffic types of the first and second
types of communication.

In some embodiments, the method 500 may be implemented in scenarios described in the
context of FIGS. 2, 3 and 4, and in the “SR Transmission Partially Overlaps With  HARQ
ACK/P-CSI Transmission” section described in this patent document.

FIG. 6 shows an example of a wireless communication method carried out on a wireless
communication apparatus (or user equipment), in accordance with some embodiments of the

presently disclosed technology. This example may include some features and/or steps that are
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similar to those shown in FIG. 5, and described in this document. At least some of these features
and/or components may not be separately described in this section.

The method 600 includes, at step 610, determining that a first set of time resources
overlaps with a second set of time resources, wherein a first set of resources for a scheduling request
(SR) comprises the first set of time resources, and wherein a second set of resources for a hybrid
automatic repeat request (HARQ) acknowledgement (ACK) message comprises the second set of
time resources.

The method 600 includes, at step 620, transmitting a signal comprising at least a portion
of the SR or at least a portion of the HARQ-ACK based on a format used on the first and second set
of time resources or a type of the SR.

In some embodiments, the method 600 may be implemented in scenarios disclosed in the
context of FIGS. 2, 3 and 4, and in the “SR Transmission Partially Overlaps With  HARQ
ACK/P-CSI Transmission” section described in this patent document.

FIG. 7 shows an example of a wireless communication method carried out on a wireless
communication apparatus (or user equipment), in accordance with some embodiments of the
presently disclosed technology. This example may include some features and/or steps that are
similar to those shown in FIGS. 5 and 6, and described in this document. At least some of these
features and/or components may not be separately described in this section.

The method 700 includes, at step 710, determining that a first set of time resources for a
scheduling request (SR) overlaps with a second set of time resources for a hybrid automatic repeat
request (HARQ) acknowledgement (ACK) message.

The method 700 includes, at step 720, determining an initial cyclic shift for a
transmission of only the HARQ-ACK message.

The method 700 includes, at step 730, transmitting the SR and the HARQ-ACK message
over a set of transmission resources, wherein the set of transmission resources are based on the initial
cyclic shift or a type of the SR.

In some embodiments, the method 700 may be implemented in scenarios disclosed in the
“Simultaneous Transmission of SR and HARQ ACK” section described in this patent document.

FIG. 8 shows an example of a wireless communication method carried out on a wireless

communication apparatus (or user equipment), in accordance with some embodiments of the
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presently disclosed technology. This example may include some features and/or steps that are
similar to those shown in FIGS. 5, 6 and 7, and described in this document. At least some of these
features and/or components may not be separately described in this section.

The method 800 includes, at step 810, determining that a minimum number of physical
resource blocks (PRBs) for at least two physical uplink control channel (PUCCH) formats are the
same, wherein at least three PUCCH formats are available.

The method 800 includes, at step 820, selecting one of the at least three PUCCH formats
based on a rule, wherein the rule is based on a number of symbols, a code rate, or a multiplexing
capacity associated with each of the at least three PUCCH formats.

In some embodiments, the method 800 may be implemented in scenarios disclosed in the
“PUCCH Format Selection for UCI” section described in this patent document.

FIG. 9 is a block diagram of an example apparatus that may implement a method or
technique described in this documents (e.g., methods 500, 600, 700 or 800). A apparatus 905, such
as a base station or a wireless device (or UE), can include processor electronics 910 such as a
microprocessor that implements one or more of the techniques presented in this document. The
apparatus 905 can include transceiver electronics 915 to send and/or receive wireless signals over
one or more communication interfaces such as antenna(s) 920. The apparatus 905 can include other
communication interfaces for transmitting and receiving data. Apparatus 905 can include one or
more memories (not explicitly shown) configured to store information such as data and/or
instructions. In some implementations, the processor electronics 910 can include at least a portion
of the transceiver electronics 915. In some embodiments, at least some of the disclosed techniques,
modules or functions are implemented using the apparatus 905.

It is intended that the specification, together with the drawings, be considered exemplary
only, where exemplary means an example and, unless otherwise stated, does not imply an ideal or a

TP
a

preferred embodiment. As used herein, the singular forms an” and “the” are intended to
include the plural forms as well, unless the context clearly indicates otherwise. Additionally, the
use of “or” is intended to include “and/or”, unless the context clearly indicates otherwise.

Some of the embodiments described herein are described in the general context of

methods or processes, which may be implemented in one embodiment by a computer program

product, embodied in a computer-readable medium, including computer-executable instructions,
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such as program code, executed by computers in networked environments. A computer-readable
medium may include removable and non-removable storage devices including, but not limited to,
Read Only Memory (ROM), Random Access Memory (RAM), compact discs (CDs), digital
versatile discs (DVD), etc. Therefore, the computer-readable media can include a non-transitory
storage media. Generally, program modules may include routines, programs, objects, components,
data structures, etc., that perform particular tasks or implement particular abstract data types.
Computer- or processor-executable instructions, associated data structures, and program modules
represent examples of program code for executing steps of the methods disclosed herein. The
particular sequence of such executable instructions or associated data structures represents examples
of corresponding acts for implementing the functions described in such steps or processes.

Some of the disclosed embodiments can be implemented as devices or modules using
hardware circuits, software, or combinations thereof. For example, a hardware circuit
implementation can include discrete analog and/or digital components that are, for example,
integrated as part of a printed circuit board. Alternatively, or additionally, the disclosed
components or modules can be implemented as an Application Specific Integrated Circuit (ASIC)
and/or as a Field Programmable Gate Array (FPGA) device. Some implementations may
additionally or alternatively include a digital signal processor (DSP) that is a specialized
microprocessor with an architecture optimized for the operational needs of digital signal processing
associated with the disclosed functionalities of this application. Similarly, the various components
or sub-components within each module may be implemented in software, hardware or firmware.
The connectivity between the modules and/or components within the modules may be provided
using any one of the connectivity methods and media that is known in the art, including, but not
limited to, communications over the Internet, wired, or wireless networks using the appropriate
protocols.

While this document contains many specifics, these should not be construed as
limitations on the scope of an invention that is claimed or of what may be claimed, but rather as
descriptions of features specific to particular embodiments. Certain features that are described in
this document in the context of separate embodiments can also be implemented in combination in a
single embodiment. Conversely, various features that are described in the context of a single

embodiment can also be implemented in multiple embodiments separately or in any suitable
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sub-combination. Moreover, although features may be described above as acting in certain
combinations and even initially claimed as such, one or more features from a claimed combination
can in some cases be excised from the combination, and the claimed combination may be directed to
a sub-combination or a variation of a sub-combination. Similarly, while operations are depicted in
the drawings in a particular order, this should not be understood as requiring that such operations be
performed in the particular order shown or in sequential order, or that all illustrated operations be
performed, to achieve desirable results.

Only a few implementations and examples are described and other implementations,
enhancements and variations can be made based on what is described and illustrated in this

disclosure.
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CLAIMS

1. A method for wireless communication, comprising;:

determining that a first set of time resources overlaps with a second set of time resources,
wherein a first set of resources for a first type of communication comprises the first set of
time resources, and wherein a second set of resources for a second type of communication
comprises the second set of time resources; and

transmitting a signal, wherein the signal excludes at least a portion of the first type of
communication based on lengths of the first and second sets of time resources, starting
positions of the first and second sets of time resources, or traffic types of the first and second

types of communication.

2. The method of claim 1, wherein the first type of communication comprises a request for
resources to enable subsequent data transmissions, and wherein the second type of
communication comprises a feedback message that acknowledges successful or unsuccessful

reception of a previously received signal.

3. The method of claim 1, wherein a length of the first set of time resources is longer than a

length of the second set of time resources.

4. The method of claim 1, wherein the lengths of the first and second set of time resources
are equal, and wherein the second set of time resources starts earlier in time than the first set

of time resources.

5. The method of claim 1, wherein the traffic type of the first type of communication
comprises enhanced Mobile Broadband (eMBB) traffic and the traffic type of the second type

of communication comprises Ultra-Reliable and Low Latency Communication (URLLC).

6. The method of any of claims 1 to 5, wherein the first and second set of time resources
comprise symbols, and wherein the signal excludes all symbols of the first type of

communication.
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7. The method of any of claims 1 to 5, wherein the first and second set of time resources
comprise symbols, and wherein the signal excludes symbols of the first type of

communication that overlap with symbols of the second type of communication.

8. The method of claim 1, wherein the first type of communication comprises a scheduling
request (SR) or a hybrid automatic repeat request (HARQ) acknowledgement (ACK)
message, and wherein the second type of communication comprises a periodic or semi-static

channel state information (CSI) message.

9. A method for wireless communication, comprising:
determining that a first set of time resources overlaps with a second set of time resources,
wherein a first set of resources for a scheduling request (SR) comprises the first set of time
resources, and wherein a second set of resources for a hybrid automatic repeat request
(HARQ) acknowledgement (ACK) message comprises the second set of time resources; and
transmitting a signal comprising at least a portion of the SR or at least a portion of the
HARQ-ACK based on a format used on the first and second set of time resources or a type of

the SR.

10. The method of claim 9, wherein the format for the second type of communication is

physical uplink control channel format 0.

11. The method of claim 9 or 10, wherein the SR comprises a negative SR, and wherein the

HARQ-ACK message is transmitted on the second set of resources.

12. The method of claim 10, wherein the SR comprises a positive SR.

13. The method of claim 12, wherein the first and the second set of time resources comprise
symbols, wherein the signal comprises overlapping symbols of the positive SR and the
HARQ-ACK message, and wherein the signal is transmitted on resources configured for

simultaneous transmission of the SR and the HARQ-ACK message.
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14. The method of claim 12, wherein the first and the second set of time resources comprise
symbols, wherein the signal comprises overlapping symbols of the HARQ-ACK message,
wherein the signal is transmitted on the first set of resources, and wherein the HARQ-ACK
message is modulated using BPSK and QPSK for one-bit and two-bit HARQ-ACK messages,

respectively.

15. The method of claim 12, wherein the first and the second set of time resources comprise
symbols, wherein the signal comprises non-overlapping symbols of the positive SR, and

wherein the signal is transmitted on the first set of resources.

16. The method of claim 12, wherein the first and the second set of time resources comprise
symbols, wherein the signal comprises non-overlapping symbols of the HARQ-ACK

message, and wherein the signal is transmitted on the second set of resources.

17. The method of claim 9, wherein the format for the second type of communication is

physical uplink control channel format 1.

18. The method of claim 17, wherein the first and the second set of time resources comprise
symbols, and wherein the signal comprises overlapping symbols of the HARQ-ACK message,

and wherein the signal is transmitted on the first set of resources.

19. The method of claim 17, wherein the first and the second set of time resources comprise
symbols, and wherein the signal comprises overlapping symbols of the HARQ-ACK, and
wherein the signal is transmitted using cyclic shifts configured for the SR and using

frequency resources configured for the HARQ-ACK message.

20. The method of claim 17, wherein the first and the second set of time resources comprise

symbols, and wherein the signal excludes non-overlapping symbols of the SR.

21. The method of claim 17, wherein the first and the second set of time resources comprise
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symbols, wherein the signal comprises non-overlapping symbols of the SR, and wherein the

signal is transmitted on the first set of resources.

22. The method of claim 17, wherein the first and the second set of time resources comprise
symbols, wherein the signal comprises non-overlapping symbols of the HARQ-ACK

message, and wherein the signal is transmitted on the second set of resources.

23. A method for wireless communication, comprising:

determining that a first set of time resources for a scheduling request (SR) overlaps with
a second set of time resources for a hybrid automatic repeat request (HARQ)
acknowledgement (ACK) message;

determining an initial cyclic shift for a transmission of only the HARQ-ACK message;
and

transmitting the SR and the HARQ-ACK message over a set of transmission resources,
wherein the set of transmission resources are based on the initial cyclic shift or a type of the

SR.

24. The method of claim 23, wherein the type of the SR is a positive SR or a negative SR.

25. The method of any of claim 23, further comprising:

determining an index of the initial cyclic shift;

in response to determining that the index is between 0 and M, allocating one physical
resource block (PRB) to the set of transmission resources; and

in response to determining that the index is between M+/ and N, allocating more than

one PRB to the set of transmission resources.

26. A method for wireless communication, comprising:

determining that a minimum number of physical resource blocks (PRBs) for at least two
physical uplink control channel (PUCCH) formats are the same, wherein at least three
PUCCH formats are available; and
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selecting one of the at least three PUCCH formats based on a rule, wherein the rule is
based on a number of symbols, a code rate, or a multiplexing capacity associated with each of

the at least three PUCCH formats.

27. The method of claim 26, wherein the at least three PUCCH formats comprise PUCCH
format 2, PUCCH format 3 and PUCCH format 4.

28. The method of any of claims 26 to 27, wherein in the rule is PUCCH format 4 > PUCCH
format 3 > PUCCH format 2.

29. The method of any of claims 26 to 27, wherein in the rule is PUCCH format 2 > PUCCH
format 4 > PUCCH format 3.

30. The method of any of claims 26 to 27, wherein the selecting is based on a largest number

of symbols in each of the at least three PUCCH formats.

31. The method of any of claims 26 to 27, wherein the selecting is based on a smallest

number of symbols in each of the at least three PUCCH formats.

32. The method of any of claims 26 to 27, wherein the selecting is based on a lowest code

rate of each of the at least three PUCCH formats.

33. The method of claim 26, wherein a number of symbols in PUCCH format 3 and PUCCH

format 4 are equal, and wherein PUCCH format 4 is selected.

34, The method of claim 26, wherein code rates of at least two of the at least three PUCCH
formats are equal, and wherein the rule is PUCCH format 4 > PUCCH format 3 > PUCCH

format 2.

35, The method of claim 26, wherein code rates of at least two of the at least three PUCCH
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formats are equal, and wherein the rule is PUCCH format 2 > PUCCH format 4 > PUCCH

format 3.

36. A wireless communications apparatus comprising a processor, wherein the processor is

configured to implement a method recited in any of claims 1 to 8.

37. A wireless communications apparatus comprising a processor, wherein the processor is

configured to implement a method recited in any of claims 9 to 22.

38. A wireless communications apparatus comprising a processor, wherein the processor is

configured to implement a method recited in any of claims 23 to 25.

39. A wireless communications apparatus comprising a processor, wherein the processor is

configured to implement a method recited in any of claims 26 to 35.

40. A computer program product comprising a computer-readable program medium code
stored thereupon, the code, when executed by a processor, causing the processor to

implement a method recited in any of claims 1 to 8.

41. A computer program product comprising a computer-readable program medium code
stored thereupon, the code, when executed by a processor, causing the processor to

implement a method recited in any of claims 9 to 22.

42. A computer program product comprising a computer-readable program medium code
stored thereupon, the code, when executed by a processor, causing the processor to

implement a method recited in any of claims 23 to 25.

43. A computer program product comprising a computer-readable program medium code
stored thereupon, the code, when executed by a processor, causing the processor to

implement a method recited in any of claims 26 to 35.
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44. A method for wireless communication, comprising:

selectively transmitting at least a portion of a first type of communication or at least a
portion of a second type of communication, wherein the first type of communication is
different from the second type of communication,

wherein a first set of resources for the first type of communication comprises a first set of
time resources, wherein a second set of resources for the second type of communication
comprises a second set of time resources, wherein the first set of time resources partially
overlaps the second set of time resources, and

wherein the selectively transmitting is based on lengths of the first and second sets of
time resources, starting positions of the first and second sets of time resources, or traffic types

of the first and second types of communication.

45. The method of claim 44, wherein the first type of communication comprises a request for
resources to enable subsequent data transmissions, and wherein the second type of
communication comprises a feedback message that acknowledges successful reception of a

previously received signal.

46. The method of claim 44, wherein the at least a portion of the first type of communication
is selectively transmitted, and wherein a length of the first set of time resources is shorter

than a length of the second set of time resources.

47. The method of claim 44, wherein the at least a portion of the first type of communication
is selectively transmitted, wherein the lengths of the first and second set of time resources are
equal, and wherein the first set of time resources starts earlier in time than the second set of

time resources.

48. The method of claim 44, wherein the first type of communication comprises a scheduling
request (SR) or a hybrid automatic repeat request (HARQ) acknowledgement (ACK)
message, and wherein the second type of communication comprises a periodic or semi-static

channel state information (CSI) message.
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