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Description

TECHNICAL FIELD

[0001] The present disclosure relates generally to
communication systems. More specifically, the present
disclosure relates to a user equipment, a base station
apparatus, a method of a user equipment and a method
of a base station apparatus.

BACKGROUND

[0002] Wireless communication devices have become
smaller and more powerful in order to meet consumer
needs and to improve portability and convenience. Con-
sumers have become dependent upon wireless commu-
nication devices and have come to expect reliable serv-
ice, expanded areas of coverage and increased function-
ality. A wireless communication system may provide
communication for a number of wireless communication
devices, each of which may be serviced by a base station.
A base station may be a device that communicates with
wireless communication devices.
[0003] As wireless communication devices have ad-
vanced, improvements in communication capacity,
speed, flexibility and/or efficiency have been sought.
However, improving communication capacity, speed,
flexibility and/or efficiency may present certain problems.
[0004] For example, wireless communication devices
may communicate with one or more devices using a com-
munication structure. However, the communication
structure used may only offer limited flexibility and/or ef-
ficiency. As illustrated by this discussion, systems and
methods that improve communication flexibility and/or
efficiency may be beneficial.
[0005] US 2016/301515 describes a terminal device
that communicates with a base station apparatus and
that includes: a reception unit that receives first informa-
tion relating to a configuration of enhanced interference
management and traffic adaptation (eIMTA) and second
information relating to a channel state information (CSI)
subframe set, through higher layer signaling; and a trans-
mission unit that drops a CSI report which uses a physical
uplink control channel (PUCCH) considering priorities
among subframe sets in a case where, in the second
information, a first CSI subframe set and a second CSI
subframe set are configured.
[0006] US 2016/381681 describes a terminal device,
a base station device and a communication method,
wherein, when one serving cell is configured, and a frame
structure type is FDD, one value among values of {2, 5,
10, 20, 40, 80, 160, 32, 64, and 128} subframes is con-
figured as a CSI reporting period. When the one serving
cell is configured, and the frame structure type is TDD,
one value among values of {1, 5, 10, 20, 40, 80, and 160}
subframes is configured as the CSI reporting period.
When the two serving cells or more are configured, one
value among values of {5, 10, 20, 40, 80, and 160} sub-

frames is configured as the CSI reporting period.

SUMMARY

[0007] The above and other objects are achieved by a
user equipment, a base station apparatus, a method of
a user equipment and a method of a base station appa-
ratus as defined in the independent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Figure 1 is a block diagram illustrating one imple-
mentation of one or more gNBs and one or more
UEs in which systems and methods for an enhanced
scheduling request (SR) may be implemented;
Figure 2 is a call flow diagram illustrating a schedul-
ing procedure for dynamic scheduling in LTE;
Figure 3A is an example illustrating variable frame
structure in 5G NR;
Figure 3B is an example illustrating variable slot size
in 5G NR;
Figure 3C is an example illustrating variable PUCCH
periodicity in 5G NR;
Figure 4 is an example illustrating an SR transmis-
sion using a time division multiplexing (TDM)-based
priority indication;
Figure 5 is an example illustrating an SR transmis-
sion using a frequency division multiplexing
(FDM)-based priority indication;
Figure 6A is an example illustrating an SR transmis-
sion using a FDM and TDM-based priority indication;
Figure 6B is an example of bandwidth adaptations
in 5G NR systems;
Figure 7 is an example illustrating an SR transmis-
sion using a TDM-based priority indication for differ-
ent bandwidths;
Figure 8 is an example illustrating an SR transmis-
sion using a FDM and TDM-based priority indication
for different bandwidths and services;
Figure 9 is an example illustrating an SR transmis-
sion using a FDM and TDM-based priority indication
for different bandwidths and numerologies (e.g.,
Bandwidth Part BWP);
Figure 10 is an example illustrating an SR transmis-
sion using a FDM and TDM-based priority indication
for different bandwidths and beams;
Figure 11 is a block diagram illustrating one imple-
mentation of a gNB;
Figure 12 is a block diagram illustrating one imple-
mentation of a UE;
Figure 13 illustrates various components that may
be utilized in a UE;
Figure 14 illustrates various components that may
be utilized in a gNB;
Figure 15 is a block diagram illustrating one imple-
mentation of a UE in which systems and methods
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for an enhanced scheduling request may be imple-
mented;
Figure 16 is a block diagram illustrating one imple-
mentation of a gNB in which systems and methods
for an enhanced scheduling request may be imple-
mented;
Figure 17 is a flow diagram illustrating a communi-
cation method of a user equipment (UE); and
Figure 18 is a flow diagram illustrating a communi-
cation method of a base station apparatus (gNB).

DETAILED DESCRIPTION

[0009] The 3rd Generation Partnership Project, also
referred to as "3GPP," is a collaboration agreement that
aims to define globally applicable technical specifications
and technical reports for third and fourth generation wire-
less communication systems. The 3GPP may define
specifications for next generation mobile networks, sys-
tems and devices.
[0010] 3GPP Long Term Evolution (LTE) is the name
given to a project to improve the Universal Mobile Tele-
communications System (UMTS) mobile phone or device
standard to cope with future requirements. In one aspect,
UMTS has been modified to provide support and speci-
fication for the Evolved Universal Terrestrial Radio Ac-
cess (E-UTRA) and Evolved Universal Terrestrial Radio
Access Network (E-UTRAN).
[0011] At least some aspects of the systems and meth-
ods disclosed herein may be described in relation to the
3GPP LTE, LTE-Advanced (LTE-A) and other standards
(e.g., 3GPP Releases 8, 9, 10, 11 and/or 12). However,
the present disclosure is not limited in this regard. At least
some aspects of the systems and methods disclosed
herein may be utilized in other types of wireless commu-
nication systems.
[0012] A wireless communication device may be an
electronic device used to communicate voice and/or data
to a base station, which in turn may communicate with a
network of devices (e.g., public switched telephone net-
work (PSTN), the Internet, etc.). In describing systems
and methods herein, a wireless communication device
may alternatively be referred to as a mobile station, a
UE, an access terminal, a subscriber station, a mobile
terminal, a remote station, a user terminal, a terminal, a
subscriber unit, a mobile device, etc. Examples of wire-
less communication devices include cellular phones,
smart phones, personal digital assistants (PDAs), laptop
computers, netbooks, e-readers, wireless modems, etc.
In 3GPP specifications, a wireless communication device
is typically referred to as a UE. However, as the present
disclosure is not limited to the 3GPP standards, the terms
"UE" and "wireless communication device" may be used
interchangeably herein to mean the more general term
"wireless communication device." A UE may also be
more generally referred to as a terminal device.
[0013] In 3GPP specifications, a base station is typi-
cally referred to as a Node B, an evolved Node B (eNB),

a gNB, a home enhanced or evolved Node B (HeNB) or
some other similar terminology. As the disclosure is not
limited to 3GPP standards, the terms "base station,"
"Node B," "eNB," and "HeNB" may be used interchange-
ably herein to mean the more general term "base station."
Furthermore, the term "base station" may be used to de-
note an access point. An access point may be an elec-
tronic device that provides access to a network (e.g., Lo-
cal Area Network (LAN), the Internet, etc.) for wireless
communication devices. The term "communication de-
vice" may be used to denote both a wireless communi-
cation device and/or a base station. An eNB or gNB may
also be more generally referred to as a base station de-
vice.
[0014] It should be noted that as used herein, a "cell"
may be any communication channel that is specified by
standardization or regulatory bodies to be used for Inter-
national Mobile Telecommunications-Advanced (IMT-
Advanced) and all of it or a subset of it may be adopted
by 3GPP as licensed bands (e.g., frequency bands) to
be used for communication between an eNB and a UE.
It should also be noted that in E-UTRA and E-UTRAN
overall description, as used herein, a "cell" may be de-
fined as "combination of downlink and optionally uplink
resources." The linking between the carrier frequency of
the downlink resources and the carrier frequency of the
uplink resources may be indicated in the system infor-
mation transmitted on the downlink resources.
[0015] "Configured cells" are those cells of which the
UE is aware and is allowed by an eNB to transmit or
receive information. "Configured cell(s)" may be serving
cell(s). The UE may receive system information and per-
form the required measurements on all configured cells.
"Configured cell(s)" for a radio connection may include
a primary cell and/or no, one, or more secondary cell(s).
"Activated cells" are those configured cells on which the
UE is transmitting and receiving. That is, activated cells
are those cells for which the UE monitors the physical
downlink control channel (PDCCH) and in the case of a
downlink transmission, those cells for which the UE de-
codes a physical downlink shared channel (PDSCH).
"Deactivated cells" are those configured cells that the UE
is not monitoring the transmission PDCCH. It should be
noted that a "cell" may be described in terms of differing
dimensions. For example, a "cell" may have temporal,
spatial (e.g., geographical) and frequency characteris-
tics.
[0016] Fifth generation (5G) cellular communications
(also referred to as "New Radio", "New Radio Access
Technology" or "NR" by 3GPP) envisions the use of
time/frequency/space resources to allow for enhanced
mobile broadband (eMBB) communication and ultra-re-
liable low latency communication (LTRLLC) services, as
well as massive machine type communication (mMTC)
like services. In order for the services to use the time/fre-
quency/space medium efficiently it would be useful to be
able to flexibly schedule services on the medium so that
the medium may be used as effectively as possible, given
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the conflicting needs of URLLC, eMBB, and mMTC. An
NR base station may be referred to as a gNB. A gNB
may also be more generally referred to as a base station
device.
[0017] The systems and methods described herein
provide multiple mechanisms to enhance the operation
of the Scheduling Request (SR) mechanism for a 5G NR
LTE and gNB. Time and frequency division multiplexing
mechanisms may be used to enable gNB Radio Re-
source Management (RRM) scheduler to determine the
SR priority in order to sort the uplink (UL) transmission
grant and/or resources. In this mechanism, an LTE SR
mechanism may be used at the UE where one bit is used
to indicate whether the UE is in need of a transmission
grant. The 5G NR UE with enhanced SR may determine
the right time and/or frequency to send the SR on a Phys-
ical Uplink Control Channel (PUCCH) where each time
and/or frequency indicates a specific traffic characteristic
and/or service and/or logical channel group.
[0018] Various examples of the systems and methods
disclosed herein are now described with reference to the
Figures, where like reference numbers may indicate
functionally similar elements. The systems and methods
as generally described and illustrated in the Figures here-
in could be arranged and designed in a wide variety of
different implementations. Thus, the following more de-
tailed description of several implementations, as repre-
sented in the Figures, is not intended to be limiting, but
is merely representative of the systems and methods.
[0019] Figure 1 is a block diagram illustrating one im-
plementation of one or more gNBs 160 and one or more
UEs 102 in which systems and methods for an enhanced
scheduling request (SR) may be implemented. The one
or more UEs 102 communicate with one or more gNBs
160 using one or more physical antennas 122a-n. For
example, a UE 102 transmits electromagnetic signals to
the gNB 160 and receives electromagnetic signals from
the gNB 160 using the one or more physical antennas
122a-n. The gNB 160 communicates with the UE 102
using one or more physical antennas 180a-n.
[0020] The UE 102 and the gNB 160 may use one or
more channels and/or one or more signals 119, 121 to
communicate with each other. For example, the UE 102
may transmit information or data to the gNB 160 using
one or more uplink channels 121. Examples of uplink
channels 121 include a physical shared channel (e.g.,
PUSCH (Physical Uplink Shared Channel)), and/or a
physical control channel (e.g., PUCCH (Physical Uplink
Control Channel)), etc. The one or more gNBs 160 may
also transmit information or data to the one or more UEs
102 using one or more downlink channels 119, for in-
stance. Examples of downlink channels 119 physical
shared channel (e.g., PDSCH (Physical Downlink
Shared Channel), and/or a physical control channel (PD-
CCH (Physical Downlink Control Channel)), etc. Other
kinds of channels and/or signals may be used.
[0021] Each of the one or more UEs 102 may include
one or more transceivers 118, one or more demodulators

114, one or more decoders 108, one or more encoders
150, one or more modulators 154, a data buffer 104 and
a UE operations module 124. For example, one or more
reception and/or transmission paths may be implement-
ed in the UE 102. For convenience, only a single trans-
ceiver 118, decoder 108, demodulator 114, encoder 150
and modulator 154 are illustrated in the UE 102, though
multiple parallel elements (e.g., transceivers 118, decod-
ers 108, demodulators 114, encoders 150 and modula-
tors 154) may be implemented.
[0022] The transceiver 118 may include one or more
receivers 120 and one or more transmitters 158. The one
or more receivers 120 may receive signals from the gNB
160 using one or more antennas 122a-n. For example,
the receiver 120 may receive and downconvert signals
to produce one or more received signals 116. The one
or more received signals 116 may be provided to a de-
modulator 114. The one or more transmitters 158 may
transmit signals to the gNB 160 using one or more phys-
ical antennas 122a-n. For example, the one or more
transmitters 158 may upconvert and transmit one or more
modulated signals 156.
[0023] The demodulator 114 may demodulate the one
or more received signals 116 to produce one or more
demodulated signals 112. The one or more demodulated
signals 112 may be provided to the decoder 108. The
UE 102 may use the decoder 108 to decode signals. The
decoder 108 may produce decoded signals 110, which
may include a UE-decoded signal 106 (also referred to
as a first UE-decoded signal 106). For example, the first
UE-decoded signal 106 may comprise received payload
data, which may be stored in a data buffer 104. Another
signal included in the decoded signals 110 (also referred
to as a second UE-decoded signal 110) may comprise
overhead data and/or control data. For example, the sec-
ond UE-decoded signal 110 may provide data that may
be used by the UE operations module 124 to perform
one or more operations.
[0024] In general, the UE operations module 124 may
enable the UE 102 to communicate with the one or more
gNBs 160. The UE operations module 124 may include
one or more of a UE scheduling request module 126.
[0025] The function of the SR is for the UE 102 to in-
dicate that it needs an uplink grant because it has data
to transmit but no uplink grant. The SR may be a single
bit indication triggered in the medium access control
(MAC) and transmitted on PUCCH. The UE 102 may be
configured with an SR configuration to transmit the SR.
If the UE 102 has no UL resources allocated to it in which
it could send an SR, the UE 102 may in turn send the SR
using a random access procedure.
[0026] Here SR may be corresponding to traffic char-
acteristics, logical channel, logical channel group, the
amount of data available, information related to numer-
ology and/or Transmission Time Interval (TTI) duration,
and/or the priority of data.
[0027] The periodicity of the SR periodicity can be {1,
2, 5, 10, 20, 40, 80} ms. After the transmission of the SR,
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the UE 102 may monitor the PDCCH and upon reception
of an UL grant, the UL-SCH transmission may follow 4
subframes later. The SR periodicity is a main contributor
to the overall latency from data arrival to the UL-SCH
transmission, unless it is kept very short. There is a trade-
off between SR periodicities and the capacity. With a
short SR periodicity in the system, fewer UEs 102 can
be configured with SR compared to longer SR periodic-
ities, which allows more UEs 102 to be configured with
SR.
[0028] Short latency in NR may be important to support
services like URLLC. This may impact the design of the
SR. The design of the SR in a multi-numerology/TTI du-
ration configuration also influences the latency. With re-
gard to NR, some considerations for SR latency and pe-
riodicity include: major design changes related to SR la-
tency and periodicity compared to LTE; what is the impact
from the NR latency requirements; what is the impact
from a multiple numerology/TTI duration configuration;
and what is the impact from other functions designed to
reduce latency (e.g., grant-free transmissions and SPS).
[0029] The function of the Buffer Status Report (BSR)
in LTE is for the UE 102 to report the amount of available
data in the UE 102 to the eNB. The eNB can then use
this information to set the size of the UL grant. Logical
channels are grouped together in logical channel groups
(LCGs). A BSR is triggered if data becomes available in
an LCG and all other LCGs have no data, or if data be-
longing to a logical channel with a higher priority than all
other LCGs becomes available, or if there is room in the
MAC Protocol Data Unit (PDU) to send a BSR instead
of padding. There may be two timers which upon expiry
trigger BSR. A BSR contains information on the amount
of data available per logical channel group. The BSR is
carried as a MAC control element (CE) in a MAC PDU.
[0030] Like the SR, the design of the BSR for NR may
be impacted by the multi-numerology/TTI duration con-
figuration supported in NR. The systems and methods
described herein provide mechanisms for BSR for NR.
[0031] Uplink scheduling is a key functionality to meet
a broad range of use cases including enhanced mobile
broadband, massive MTC, critical MTC, and additional
requirements. In LTE, scheduling requests (SRs) are
used for requesting UL-SCH resources for new transmis-
sions when the UE 102 has no valid grant. If SRs are not
configured for the UE 102, the UE 102 may initiate a
Random Access procedure to get scheduled in UL.
[0032] Here, SRs include only one bit of information
and indicate only that the UE 102 needs an UL grant.
And, upon the reception of SR, the gNB 160 knows nei-
ther which logical channel (associated with certain Qual-
ity of Service (QoS) Class Identifier (QCI)) has data avail-
able for transmission, or the amount of data available for
transmission at the UE 102. Furthermore, it should be
noted that the numerology/TTI duration should be con-
veyed in the grant. This implies that the gNB 160 may
also be made aware of what numerology/TTI duration is
desired by the UE 102 for the upcoming transmission. In

short, in NR an accurate grant cannot be provided to the
UE 102 only based on the one-bit information of the LTE
type of SR. It should be noted that LTE scheduling re-
quest saves physical layer resources but does not pro-
vide sufficient information for efficient grant allocation in
NR.
[0033] Buffer Status Reports (BSRs) on the other hand
carry more detailed information compared to SR. A BSR
indicates buffer size for each LCG. However, the BSR
requires a grant for transmission so it may take a longer
time until the gNB 160 receives it since it may need to
be preceded by an SR. The interaction between SR, BSR
and grant is exemplified in Figure 2.
[0034] The framework with SR/BSR from LTE may be
improved. In an approach, the SR/BSR scheme from LTE
can be reused in NR as a baseline. NR should support
a wide spread of use cases which have different require-
ments. In some use cases (e.g., critical MTC and
URLLC), NR has tighter latency requirements than has
been considered for LTE so far. Also, services such as
eMBB can enjoy the enhancements to SR and BSR.
[0035] In NR, modifications of SR/BSR aim to report
the UE buffer status (e.g., priority and the buffer size) as
well as wanted numerology/TTI duration within the given
time constraints. It is assumed that a mapping of logical
channel (LCH) to LCG to numerology/TTI duration will
make it possible to infer which numerology/TTI duration
to use given the LCG. Hence no explicit signaling of nu-
merology/TTI duration is needed in the SR/BSR if an LCG
(or LCH) is present in the SR/BSR. Considering the lim-
itations identified above, it is possible to either enhance
SR with more information bits to indicate more informa-
tion or enhance BSR.
[0036] A possible improvement is to extend the SR to
not only indicate whether data is available or not. With
more bits used in SR it would be possible to provide more
detailed information such as the type of LCG that has
data available, and/or the amount of available data as-
sociated with the LCG. By knowing the type of LCG, a
gNB 160 can provide grants for the traffic that needs to
be scheduled. This enables a more correct priority han-
dling. By indicating the amount of available data associ-
ated with the LCG that needs a grant at the UE 102, the
gNB 160 can provide a more suitable grant size on the
preferred numerology/TTI duration, for instance, to the
UE 102.
[0037] Since the numerology/TTI duration can be de-
rived from the LCG, situations where the UE 102 has
data for transmission on, for example, a short TTI, but
receives a grant on a long TTI can be avoided. How many
bits that SR should be extended with is a question of how
to achieve a good trade-off between the increased L1
control channel issues (e.g., overhead, design complex-
ity, etc.) and the achieved gain in terms of UP latency
reduction. Therefore, more efficient priority handling may
be achieved by extending additional bits for SR.
[0038] The BSR may also be enhanced. With regard
to grant-free transmission for BSR, to avoid the delay
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caused by BSR grant allocation, grant-free transmission
of BSR without sending an SR may be supported. This
may be a viable opportunity at low and medium load and
in cells serving relatively few (active) UEs 102.
[0039] Similar grant-free mechanisms are also expect-
ed to be introduced that may delay critical use cases such
as URLLC. For fast BSR reporting purposes, a dedicated
resource allocation per UE 102 may be used. If grant-
free transmissions are supported, it would be efficient to
send BSR per logical channel group (also referred to as
short BSR in LTE). In this way, only the BSR intended
for high priority of traffic can be allowed to use the grant-
free channel. For efficiency reasons, the grant-free re-
sources assigned per LTE 102 may be large enough to
fit just the BSR. The grant-free resources should also be
possible to be utilized by data transfer, if there is no BSR
pending for transmission. Therefore, grant allocation de-
lay for BSR can be reduced with grant-free transmission
of BSRs.
[0040] Improved BSR triggering is also described. In
LTE, some of the existing rules for BSR triggering may
be too strict. For instance, the LTE 102 may be allowed
to transmit a BSR when there is new data available in
the buffer with higher priority than the existing data, while
the UE 102 is not allowed to send a BSR if the new data
has the same or lower priority than the existing data. This
may lead to information mismatch between the UE 102
and gNB 160, resulting in a long unnecessary scheduling
delay until the UE 102 can empty its transmission buffer.
In this case, a simple solution is to remove the above
restriction (i.e., let the UE 102 send the BSR when there
is new data regardless of its priority). The network can
configure this feature considering the balance between
increased BSR reporting overhead and the need for ac-
curate buffer information estimation. Therefore, the
scheduling delay may be reduced by allowing a UE 102
to send BSR upon the arrival of new data regardless of
the priority of its associated logical channel.
[0041] Just as in the case of SR, the gNB 160 needs
to be made aware of what numerology/TTI duration that
is preferred or what data is wanted. Since it may be as-
sumed that a mapping of LCH to LCG to numerology/TTI
duration will make it possible to infer which numerolo-
gy/TTI duration to use given the LCG indicated in the
BSR, no additional information is needed in the BSR.
[0042] SR enhancements give fast reporting without
grant allocation at Layer 2. However, it would incur a
higher control channel overhead, and higher design com-
plexity. It is also more difficult to ensure the transmission
reliability given that more information bits are carried.
BSR enhancements potentially achieve the same per-
formance as SR enhancements in terms of reduction of
UP latency. While it requires network to assign dedicated
resources to each UE 102, it might have a risk of resource
over-provision in a case where there are a massive
amount of connected UEs 102.
[0043] In some cases, if SR enhancements are adopt-
ed, BSR enhancements may not be needed and vice

versa. Therefore, it is meaningful to further compare dif-
ferent enhancements.
[0044] In order to utilize the SCH resources efficiently,
a scheduling function is used in MAC. An overview of the
scheduler is given in terms of scheduler operation, sig-
naling of scheduler decisions, and measurements to sup-
port scheduler operation. The MAC in an NR gNB 160
may include dynamic resource schedulers that allocate
physical layer resources for the DL-SCH, UL-SCH trans-
port channels. Different schedulers operate for the DL-
SCH and the UL-SCH.
[0045] The scheduler should take account of the traffic
volume and the QoS requirements of each UE 102 and
associated radio bearers when sharing resources be-
tween UEs 102. Only "per UE" grants may be used to
grant the right to transmit on the UL-SCH. Since a logical
channel can be mapped to one or more numerologies/TTI
durations, the grant may be limited to certain logical chan-
nels mapped with certain numerologies, so, only those
logical channels are allowed to transmit upon reception
of this grant. Schedulers may assign resources taking
into account the radio conditions at the UE 102 identified
through measurements made at the gNB 160 and/or re-
ported by the UE 102.
[0046] In the uplink, an NR gNB 160 may dynamically
allocate resources (e.g., Physical Resource Blocks
(PRBs) and MCS) to UEs 102 at each TTI via the Cell
Radio Network Temporary Identifier (C-RNTI) on PD-
CCH(s). Within each scheduling epoch, the scheduling
entity may assign a grant associated with a set of numer-
ologies/TTI durations for each schedulable UE 102.
[0047] Measurement reports are required to enable the
scheduler to operate in both uplink and downlink. These
include transport volume and measurements of a UE’s
radio environment. Uplink buffer status reports (BSR)
and scheduling request (SR) are needed to provide sup-
port for QoS-aware packet scheduling.
[0048] The scheduling request (SR) as a layer one sig-
naling message may be used for requesting UL resourc-
es for new transmissions when the UE 102 has no valid
grant. An SR can be transmitted via either a PUCCH like
channel in a case where the UE 102 has dedicated re-
sources assigned for it, or a Random Access procedure
in a case where the UE 102 has no dedicated resources
assigned for it or the UE 102 is out of synchronization
from the network.
[0049] Uplink buffer status reports (BSR) refer to the
data that is buffered in for a group of logical channel
(LCG) in the UE 102. Uplink buffer status reports are
transmitted using MAC signaling. Prior to a BSR trans-
mission, the UE 102 is required to have a valid grant.
The scheduling entity needs to be aware information in-
cluding: an indication that a UE 102 has data to transmit;
buffer size for each logical channel (group); priority indi-
cation for each logical channel (group); and/or an indica-
tion of a set of the associated numerologies/TTI durations
for each logical channel (group). For each UE 102, the
above information may be reported by a SR or a BSR.
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[0050] As described above, in LTE, UL scheduling is
mainly based on the scheduling request (SR) and buffer
status report (BSR) received from UEs 102. The SR is
an indication to the eNB to provide a UL grant for trans-
mitting the BSR and contains no information of the
amount of data. The information of the amount of data
for each of the logical channel group (LCG) may be pro-
vided in the BSR.
[0051] In NR, UL scheduling based on SR/BSR can be
used for eMBB. For URLLC, other than the grant-less
transmission, UL scheduling based on SR/BSR may also
be implemented. In LTE, when a scheduling request (SR)
is triggered, the UE 102 indicates to the eNB that it has
data to transmit in the buffer. The eNB provides a default
UL grant which is used by the UE 102 to transmit the
data and/or BSR. It may be the case that the provided
grant is enough to transmit all data. However, it is also
likely that the grant is not enough and the UE 102 has to
request another grant using BSR. The consequence of
this process is additional delay for the case when the UE
102 would have been able to transmit all data, had the
first UL grant been little bit larger. Also, there is no indi-
cation of the priority of the SR. Allowing the gNB 160 to
know the priority of the SR would help the gNB 160 sched-
uler prioritize the UL resources among the UEs 102.
[0052] In LTE, the eNB has no information whether the
UE 102 has a large or small amount of data and also
whether the UE 102 has high priority data until the eNB
receives a BSR. For delay-sensitive use cases, it can be
beneficial if the SR is enhanced to piggyback more infor-
mation about the characteristic of data being queued at
the UE buffer. It is because the UE 102 may be able to
transmit all the data in the first UL grant it receives without
waiting for the next UL grant received based on a BSR.
[0053] NR has to support variety of services. Other
than eMBB services, NR also supports URLLC services
which require ultra-low latency. Even within eMBB serv-
ices, there are services that are more delay-stringent
than others and may have a higher priority. There may
also be Radio Resource Control (RRC) / Non-Access
Stratum (NAS) signaling requiring higher priority than
normal data transmission from other UEs 102. Hence, it
may be beneficial for the gNB scheduler to know the pri-
ority of the SR to allow the gNB 160 to prioritize the UL
resources among the UEs 102.
[0054] In order for the eNB scheduler to schedule the
UL resources directly from the received SR, it needs to
know the characteristics of the UL data which is contained
in the LCG. Hence, it is beneficial for the gNB scheduler
to know the LCG associated with UL data. SR with more
information on traffic characteristic/services may be ben-
eficial for better UL scheduling at the network. However,
in today’s LTE SR format, no extra information bits are
present apart from presence or absence of SR.
[0055] In LTE, there are two types of BSR formats that
can be reported to the eNB. The first one is the short/trun-
cated BSR format where buffer status of one logical chan-
nel group can be reported. The second one is the long

BSR format where data from all logical channel groups
are reported. In LTE, there are four LCGs. In NR, more
LCGs may be defined to provide finer granularity of the
data priorities depending on the number of logical chan-
nels or types of services to be supported.
[0056] A drawback of the current method is that it is
not flexible to transmit the BSR corresponding to two to
(max-1) LCGs. It is also not possible to identify the TTIs
or service for which the BSR is being reported. Such iden-
tification may be helpful for better UL scheduling decision
by the network.
[0057] In LTE sidelink operation, each sidelink logical
channel group is defined per ProSe destination. A ProSe
destination with the highest priority is selected for UL
scheduling by the network. Therefore, the sidelink BSR
format is different than that of LTE legacy BSR format.
[0058] In NR, it is also possible that more logical chan-
nel groups than that of LTE are defined for BSR to help
the network better prioritize the user’s data. This requires
a change in MAC CE format of the BSR, which can be
done efficiently if it is defined in terms of logical channel
or logical channel groups.
[0059] In LTE, only four logical channel group (LCG)
are defined to prioritize the data. In NR, for finer granu-
larity of data priorities to reflect the various services and
numerologies a UE is supporting, a larger number of
LCGs could be necessary in NR. In this case, a new MAC
CE for BSR needs to be designed to accommodate all
data corresponding to a number of LCGs. The MAC CE
could include one or more than one LCG IDs of the data.
[0060] Another option in enhancing the BSR could be
reporting the BSR corresponding to each logical channel.
In NR, it is likely that a logical channel may be associated
with a TTI or a service in a UE 102. It could be possible
that data in one logical channel may be more important
or have higher priority than the data in other logical chan-
nel. This can be decided based on a mapping function
between the logical channel and TTI duration or QoS flow
profile. For this purpose, a new MAC CE can be defined
to indicate the logical channel associated with the buffer
index in the BSR.
[0061] There will be a variety of use cases which have
quite different QoS requirements. UL scheduling is a key
functionality in MAC layer. However, the legacy LTE
scheduling procedure of SR-UL grant-BSR-UL grant-Da-
ta is too complex to support the wide spread of use cases,
especially for some latency-tolerant services.
[0062] As described in connection with Figure 2, the
scheduling request (SR) is used to request a UL grant
for BSR when the UE 102 has a new transmission. In
LTE, SR consists of only one bit of information, which
makes it lack of the ability to provide accurate information
of UE’s buffer. Compared to SR, Buffer Status Reports
(BSR) can carry more bits to provide more detailed in-
formation but at the expense of additional delay. SR and
BSR have their own advantages and disadvantages.
[0063] The potential directions could include SR en-
hancements and BSR enhancements. In view of the wide
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spread of use cases in NR, some cases need enhance-
ments while some cases may not need enhancements.
So the enhancements should be flexible enough to be
configured by gNB 160. Therefore, the network may con-
figure or restrict the usage of the SR/BSR enhancements
for certain cases (e.g., services/radio condition/NW re-
source, etc.).
[0064] SR enhancements can be described in different
categories. One category is to use more bits in SR, which
would be possible to provide more detailed information
as BSR does. The additional bits may include the type
of LCG that has data available, and/or the amount of
available data associated with the LCG. By this way, the
gNB 160 may obtain more information of UE’s buffer sta-
tus from enhanced SR in order to provide a suitable UL
grant. Another category is to introduce a shorter period
time for URLLC to support fast scheduling.
[0065] In LTE, the existing rules for BSR triggering are
too strict. For example, a "Regular BSR" may be triggered
when either the data belongs to a logical channel with
higher priority than the priorities of the logical channels
which belong to any LCG and for which data is already
available for transmission, or there is no data available
for transmission for any of the logical channels which
belong to a LCG. While the UE 102 is not allowed to
trigger a BSR if the new data has the same or lower pri-
ority than the existing data. This may lead a buffer infor-
mation mismatch between the UE 102 and eNB 160.
Some enhancements may be considered to accelerate
the BSR triggering to alleviate the mismatch.
[0066] In legacy LTE, BSR MAC control elements con-
sist of either: a short BSR and truncated BSR format (e.g.,
one LCG ID field and one corresponding Buffer Size
field); or a long BSR format (e.g., four Buffer Size fields,
corresponding to LCG IDs).
[0067] Once receiving BSR, eNB can only acquire the
information about the amount of data available for trans-
mission per LCG in the UL buffers. However, it cannot
further identify the specific information of each logical
channel associated with the LCG. At a glance that new
characteristic in terms of numerology are introduced in
NR. BSR per UE with additional information of numerol-
ogy/LCH may be considered to indicate high priority BSR.
[0068] Furthermore, the gNB 160 may make an exact
resources allocation if the UE 102 can report BSR with
a precise value. Therefore, BSR may indicate accurate
buffer size information. Thus, the gNB 160 may assign
an accurate UL grant accordingly for the purpose of de-
creasing the following probability of segmentation or re-
source waste.
[0069] As seen by this discussion, enhancements to
the scheduling request for NR may be beneficial. The
systems and methods described herein provide multiple
mechanisms to enhance the operation of the scheduling
request (SR) mechanism, for a 5G NR UE 102 and gNB
160.
[0070] Time and frequency division multiplexing mech-
anisms are used to enable a gNB RRM scheduler to de-

termine the SR priority in order to sort the UL transmission
grant/resources. In this mechanism, the same LTE SR
mechanism may be used at the UE 102 where one bit is
used to indicate whether the UE 102 is in need of a trans-
mission grant. The 5G NR UE 102 with enhanced SR
may determine the right time and/or frequency to send
the SR on PUCCH where each time and/or frequency
indicates a specific traffic characteristic and/or service
and/or logical channel group. Figure 4 is an example il-
lustrating an SR transmission using a time division mul-
tiplexing (TDM)-based priority indication. Figure 5 is an
example illustrating an SR transmission using a frequen-
cy division multiplexing (FDM)-based priority indication.
Figure 6A is an example illustrating an SR transmission
using a FDM and TDM-based priority indication.
[0071] The approaches described herein may be du-
plicated to indicate SR-configurations for different infor-
mation (e.g., BWP, bandwidth requirements, different
services, different numerologies, different beams, etc.).
Figure 7 is an example illustrating an SR transmission
using a TDM-based priority indication for different band-
widths. Figure 8 is an example illustrating an SR trans-
mission using a FDM and TDM-based priority indication
for different bandwidths/BWP and services. Figure 9 is
an example illustrating an SR transmission using a FDM
and TDM-based priority indication for different band-
widths and numerologies (which is referred to as BWP) .
Figure 10 is an example illustrating an SR transmission
using a FDM and TDM-based priority indication for dif-
ferent bandwidths/BWP and beams.
[0072] The UE operations module 124 may provide in-
formation 148 to the one or more receivers 120. For ex-
ample, the UE operations module 124 may inform the
receiver(s) 120 when to receive retransmissions.
[0073] The UE operations module 124 may provide in-
formation 138 to the demodulator 114. For example, the
UE operations module 124 may inform the demodulator
114 of a modulation pattern anticipated for transmissions
from the gNB 160.
[0074] The UE operations module 124 may provide in-
formation 136 to the decoder 108. For example, the UE
operations module 124 may inform the decoder 108 of
an anticipated encoding for transmissions from the gNB
160.
[0075] The UE operations module 124 may provide in-
formation 142 to the encoder 150. The information 142
may include data to be encoded and/or instructions for
encoding. For example, the UE operations module 124
may instruct the encoder 150 to encode transmission da-
ta 146 and/or other information 142. The other informa-
tion 142 may include PDSCH HARQ-ACK information.
[0076] The encoder 150 may encode transmission da-
ta 146 and/or other information 142 provided by the UE
operations module 124. For example, encoding the data
146 and/or other information 142 may involve error de-
tection and/or correction coding, mapping data to space,
time and/or frequency resources for transmission, multi-
plexing, etc. The encoder 150 may provide encoded data
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152 to the modulator 154.
[0077] The UE operations module 124 may provide in-
formation 144 to the modulator 154. For example, the
UE operations module 124 may inform the modulator 154
of a modulation type (e.g., constellation mapping) to be
used for transmissions to the gNB 160. The modulator
154 may modulate the encoded data 152 to provide one
or more modulated signals 156 to the one or more trans-
mitters 158.
[0078] The UE operations module 124 may provide in-
formation 140 to the one or more transmitters 158. This
information 140 may include instructions for the one or
more transmitters 158. For example, the UE operations
module 124 may instruct the one or more transmitters
158 when to transmit a signal to the gNB 160. For in-
stance, the one or more transmitters 158 may transmit
during a UL subframe. The one or more transmitters 158
may upconvert and transmit the modulated signal(s) 156
to one or more gNBs 160.
[0079] Each of the one or more gNBs 160 may include
one or more transceivers 176, one or more demodulators
172, one or more decoders 166, one or more encoders
109, one or more modulators 113, a data buffer 162 and
a gNB operations module 182. For example, one or more
reception and/or transmission paths may be implement-
ed in a gNB 160. For convenience, only a single trans-
ceiver 176, decoder 166, demodulator 172, encoder 109
and modulator 113 are illustrated in the gNB 160, though
multiple parallel elements (e.g., transceivers 176, decod-
ers 166, demodulators 172, encoders 109 and modula-
tors 113) may be implemented.
[0080] The transceiver 176 may include one or more
receivers 178 and one or more transmitters 117. The one
or more receivers 178 may receive signals from the UE
102 using one or more physical antennas 180a-n. For
example, the receiver 178 may receive and downconvert
signals to produce one or more received signals 174.
The one or more received signals 174 may be provided
to a demodulator 172. The one or more transmitters 117
may transmit signals to the UE 102 using one or more
physical antennas 180a-n. For example, the one or more
transmitters 117 may upconvert and transmit one or more
modulated signals 115.
[0081] The demodulator 172 may demodulate the one
or more received signals 174 to produce one or more
demodulated signals 170. The one or more demodulated
signals 170 may be provided to the decoder 166. The
gNB 160 may use the decoder 166 to decode signals.
The decoder 166 may produce one or more decoded
signals 164, 168. For example, a first eNB-decoded sig-
nal 164 may comprise received payload data, which may
be stored in a data buffer 162. A second eNB-decoded
signal 168 may comprise overhead data and/or control
data. For example, the second eNB-decoded signal 168
may provide data (e.g., PDSCH HARQ-ACK information)
that may be used by the gNB operations module 182 to
perform one or more operations.
[0082] In general, the gNB operations module 182 may

enable the gNB 160 to communicate with the one or more
UEs 102. The gNB operations module 182 may include
one or more of a gNB scheduling request module 194.
The gNB scheduling request module 194 may perform
scheduling request operations as described herein.
[0083] The gNB operations module 182 may provide
information 188 to the demodulator 172. For example,
the gNB operations module 182 may inform the demod-
ulator 172 of a modulation pattern anticipated for trans-
missions from the UE(s) 102.
[0084] The gNB operations module 182 may provide
information 186 to the decoder 166. For example, the
gNB operations module 182 may inform the decoder 166
of an anticipated encoding for transmissions from the
UE(s) 102.
[0085] The gNB operations module 182 may provide
information 101 to the encoder 109. The information 101
may include data to be encoded and/or instructions for
encoding. For example, the gNB operations module 182
may instruct the encoder 109 to encode information 101,
including transmission data 105.
[0086] The encoder 109 may encode transmission da-
ta 105 and/or other information included in the informa-
tion 101 provided by the gNB operations module 182.
For example, encoding the data 105 and/or other infor-
mation included in the information 101 may involve error
detection and/or correction coding, mapping data to
space, time and/or frequency resources for transmission,
multiplexing, etc. The encoder 109 may provide encoded
data 111 to the modulator 113. The transmission data
105 may include network data to be relayed to the UE
102.
[0087] The gNB operations module 182 may provide
information 103 to the modulator 113. This information
103 may include instructions for the modulator 113. For
example, the gNB operations module 182 may inform
the modulator 113 of a modulation type (e.g., constella-
tion mapping) to be used for transmissions to the UE(s)
102. The modulator 113 may modulate the encoded data
111 to provide one or more modulated signals 115 to the
one or more transmitters 117.
[0088] The gNB operations module 182 may provide
information 192 to the one or more transmitters 117. This
information 192 may include instructions for the one or
more transmitters 117. For example, the gNB operations
module 182 may instruct the one or more transmitters
117 when to (or when not to) transmit a signal to the
UE(s) 102. The one or more transmitters 117 may up-
convert and transmit the modulated signal(s) 115 to one
or more UEs 102.
[0089] It should be noted that a DL subframe may be
transmitted from the gNB 160 to one or more UEs 102
and that a UL subframe may be transmitted from one or
more UEs 102 to the gNB 160. Furthermore, both the
gNB 160 and the one or more UEs 102 may transmit data
in a standard special subframe.
[0090] It should also be noted that one or more of the
elements or parts thereof included in the eNB(s) 160 and
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UE(s) 102 may be implemented in hardware. For exam-
ple, one or more of these elements or parts thereof may
be implemented as a chip, circuitry or hardware compo-
nents, etc. It should also be noted that one or more of
the functions or methods described herein may be im-
plemented in and/or performed using hardware. For ex-
ample, one or more of the methods described herein may
be implemented in and/or realized using a chipset, an
application-specific integrated circuit (ASIC), a large-
scale integrated circuit (LSI) or integrated circuit, etc.
[0091] Figure 2 is a call flow diagram illustrating a
scheduling procedure for dynamic scheduling in LTE.
When the UE 202 has new data, the UE 202 may send
a scheduling request (SR) to the eNB 260. The eNB 260
may respond to the SR by sending a grant to the UE 202.
The eNB 260 provides a default UL grant which is used
by the UE 202 to transmit the data and/or BSR.
[0092] In response to the BSR, the eNB 260 sends
another grant. The UE 202 then sends the remaining
data to the eNB 260.
[0093] A BSR indicates buffer size for each LCG. How-
ever, the BSR requires a grant for transmission so it may
take a longer time until the eNB 260 receives it, since it
is preceded by an SR. It may be case that the provided
grant is enough to transmit all data. However, as seen in
Figure 2, it is also likely that a grant is not enough and
the UE 202 has to request another grant using BSR. The
consequence of this process is additional delay for the
case when UE 202 would have been able to transmit all
data, had the first UL grant been little bit larger.
[0094] As shown in Figure 2, the complex signaling
interaction procedure of SR-UL grant-BSR-UL grant-Da-
ta results in latency, processing and signaling overhead.
The usages of SR and BSR are limited which cannot
provide a better QoS for diverse services in NR.
[0095] Figure 3A is an example illustrating variable
frame structure in 5G NR.
[0096] Figure 3B is an example illustrating variable slot
size in 5G NR.
[0097] Figure 3C is an example illustrating variable
PUCCH periodicity in 5G NR.
[0098] Figure 4 is an example illustrating an SR trans-
mission using a time division multiplexing (TDM)-based
priority indication. A gNB 460 may communicate with a
5G NR UE 402.
[0099] The SR may be used for, at least, requesting
Uplink Shared Channel (UL-SCH) resources for new
transmission (i.e., an initial transmission) and/or retrans-
mission. The new transmission and/or the transmission
described herein may be assumed to be included in the
transmission (i.e., UL-SCH transmission and/or PUSCH
transmission) in some implementations for the sake of
simple description.
[0100] As shown by Figure 4, the gNB 460 configures
physical uplink channel resources used for the SR trans-
mission. For example, the gNB 460 configures physical
uplink control channel resources (i.e., PUCCH resourc-
es) used for the SR transmission. Here, the PUCCH re-

sources may be used for transmission of Uplink Control
Information (UCI). The UCI may include HARQ-ACK (a
positive acknowledgment or a negative acknowledg-
ment), CSI (Channel State Information), and/or the SR.
[0101] Also, physical uplink channel resources differ-
ent from the PUCCH resources may be defined for the
SR transmission (and/or the UCI transmission). For ex-
ample, physical uplink channel resources used only for
the SR transmission may be defined, and the gNB 460
may configure physical uplink channel resources used
only for the SR transmission. The physical uplink channel
resources used for the SR transmission described herein
may be assumed to be included in the PUCCH resources
in some implementations for the sake of simple descrip-
tion.
[0102] In an example, the gNB 460 may configure one
or more PUCCH resources by using a Radio Resource
Control message (RRC message). Here, the RRC mes-
sage may be included in a higher layer signal. The gNB
460 may transmit the RRC message including one or
more information used for configuring a periodicity (i.e.,
an interval), an offset (i.e., an offset value), an index of
the PUCCH resources, and/or a position(s) of the
PUCCH resources (e.g., time resources, frequency re-
sources, and/or code resources).
[0103] The PUCCH resources used for the SR trans-
mission may be configured based the periodicity, the off-
set, the index of the PUCCH resources, and/or the posi-
tion(s) of the PUCCH resources. Here, the configuration
used for configuring the periodicity, the offset, the index
of the PUCCH resources, and/or the position(s) of
PUCCH resources described herein may be assumed to
be included in a SR configuration in some implementa-
tions for the sake of simple description. Therefore, the
UE 402 may transmit the SR based on the SR configu-
ration. The UE 402 may transmit the SR on the PUCCH
based on the SR configuration.
[0104] The gNB 460 transmits the RRC message in-
cluding one or more SR configurations. As one example,
Figure 4 shows that the gNB 460 configures, by using
the one or more SR configurations, three PUCCH re-
sources: PUCCH-1, PUCCH-2, and PUCCH-3. For ex-
ample, the gNB 460 may configure, by using a first SR
configuration, the PUCCH-1. The gNB 460 may config-
ure, by using a second SR configuration, the PUCCH-2.
The gNB 460 may configure, by using a third SR config-
uration, the PUCCH-3.
[0105] Each of the one or more SR configurations may
correspond to one or more information indicated (e.g.,
expressed) by the SR bit(s). For example, each of the
one or more SR configurations may correspond to a pri-
ority. In an implementation, each of the one or more
PUCCH resources configured based on the SR config-
uration(s) may correspond to a priority. In another imple-
mentation, each of one or more subframes (or slots, or
mini-slots, or symbols) configured based on the SR con-
figuration(s) for the SR transmission may be correspond
to a priority. Here, the priority may include a priority of
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the transmission which corresponds to the SR bit(s) (i.e.,
the transmitted SR).
[0106] The priority may include a priority of UL-SCH
resources that are requested for the transmission. For
example, the PUCCH-1 (or the first SR configuration)
may correspond to a high priority (represented in Figure
4 by a star), the PUCCH-2 (or the second SR configura-
tion) may correspond to a medium priority (represented
in Figure 4 by a triangle), and the PUCCH-3 (or the third
SR configuration) may correspond to a low priority (rep-
resented in Figure 4 by a diamond).
[0107] Here, a part of the SR configurations (e.g., the
periodicity, the offset value, and/or the position(s) of the
PUCCH resources) may be set by a subframe level, a
slot level, a mini-slot level, and/or a symbol level. Namely,
an instance(s) for the SR transmission may be set by a
subframe level, a slot level, a mini-slot level, and/or a
symbol level.
[0108] In an example, a periodicity of a mini-slot
(and/or a symbol), an offset of a mini-slot (and/or a sym-
bol), and/or a position(s) of a mini-slot (and/or a symbol)
for the PUCCH-1 (i.e., the PUCCH resource of the high
priority) may be configured based on the first SR config-
uration. Also, a periodicity of a slot, an offset of a slot,
and/or a position(s) of a slot for the PUCCH-2 (i.e., the
PUCCH resource of the medium priority) may be config-
ured based on the second SR configuration. Also, a pe-
riodicity of a subframe, an offset of a subframe, and/or a
position(s) of a subframe for the PUCCH-3 (i.e., the
PUCCH resource of the low priority) may be configured
based on the third SR configuration. Namely, a time du-
ration of the instance(s) for the SR transmission may cor-
respond to a priority.
[0109] The UE 402 may transmit, based on the SR
configuration and/or the priority, the SR (the SR bit(s))
on a corresponding PUCCH. For example, in a case of
the higher priority, the UE 402 may select (determine)
the PUCCH-1, and use the PUCCH-1 to transmit the SR
(i.e., the PUCCH-1 may be used as PUCCH resources
for the SR transmission). Also, in a case of the medium
priority, the UE 402 may select (determine) the PUCCH-
2, and use the PUCCH-2 to transmit the SR (i.e., the
PUCCH-2 may be used as the PUCCH resources for the
SR transmission). Also, in a case of the low priority, the
UE 402 may select (determine) the PUCCH-3, and use
the PUCCH-3 to transmit the SR (i.e., the PUCCH-3 may
be used as the PUCCH resources for the SR transmis-
sion).
[0110] Here, for example, one-bit SR (e.g., ’0’ indicat-
ing a negative, and/or ’1’ indicating a positive) may be
transmitted. Also, an on-off keying may be used for the
SR transmission. Namely, the UE 402 may transmit the
SR in a case that UL-SCH resources are requested, and
may not transmit the SR in a case that UL-SCH resources
are not requested. Also, a multi-bit SR may be transmit-
ted.
[0111] Furthermore, the SR may be transmitted to-
gether with the HARQ-ACK and/or the CSI on the

PUCCH. For example, the SR may be multiplexed with
the HARQ-ACK and/or the CSI on the PUCCH. Also, the
SR may be transmitted on the first PUCCH and the
HARQ-ACK and/or the CSI may be transmitted on the
second PUCCH (i.e., the simultaneous transmission of
multiple PUCCHs).
[0112] The gNB 460 may transmit in the RRC message
information that indicates whether simultaneous trans-
mission of multiple PUCCHs is allowed or not. For ex-
ample, the gNB 460 may transmit the RRC message in-
cluding information indicating whether simultaneous
transmission of the HARQ-ACK and the SR on multiple
PUCCHs is allowed or not. Also, the gNB 460 may trans-
mit the RRC message including information indicating
whether simultaneous transmission of the HARQ-ACK
and the CSI on multiple PUCCHs is allowed or not. Also,
the gNB 460 may transmit the RRC message including
information indicating whether simultaneous transmis-
sion of the SR and the CSI on multiple PUCCHs is allowed
or not.
[0113] Figure 5 is an example illustrating an SR trans-
mission using a frequency division multiplexing
(FDM)-based priority indication. A gNB 560 may commu-
nicate with a 5G NR UE 502 on the available resources
(i.e., Frequencies) for sending SR.
[0114] Here, the SR transmission explained by Figure
5 may be performed (occurs) in a subframe which is con-
figured for the SR transmission (e.g., based on the SR
configuration). In an example, the SR transmission ex-
plained by Figure 5 may be performed (occurs) in a case
that the SR transmission coincides in time with the trans-
mission of the HARQ-ACK. In another, the SR transmis-
sion explained by Figure 5 may be performed (occurs)
in a case that the transmission of the HARQ-ACK coin-
cides with a subframe configured to the UE 502 for the
SR transmission (e.g., based on the SR configuration).
[0115] As shown by Figure 5, the gNB 560 may con-
figure, by using the RRC message, one or more PUCCH
resources (e.g., 2 sets of PUCCH resources, and each
set may include three (or four) PUCCH resources). Fur-
thermore, the gNB 560 may indicate, by using Downlink
Control Information (DCI, DCI format), one or more
PUCCH resources among the one or more PUCCH re-
sources configured by using the RRC message. Here,
for example, the DCI may be used for scheduling of a
physical downlink shared channel (i.e., PDSCH).
[0116] Also, the PDSCH may be scheduled in a sub-
frame, a slot, a mini-slot, and/or a symbol. For example,
the first DCI used for scheduling of the PDSCH in a sub-
frame may be defined. Also, the second DCI used for
scheduling of the PDSCH in a slot, a mini-slot, and/or a
symbol may be defined. Also, the DCI may be transmitted
on a physical downlink control channel (i.e., PDCCH, first
PDCCH). Also, the DCI may be transmitted on a physical
downlink channel (second PDCH) different from the PD-
CCH. For example, a value of a field of the DCI (2-bit
field of DCI) may be used for indicating the one or more
PUCCH resources among the one or more PUCCH re-
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sources configured by using the RRC message.
[0117] Here, the PUCCH resources configured by us-
ing the RRC message described herein may be assumed
to be a set ’A’ of PUCCH resources in some implemen-
tations for the sake of simple description. Also, the
PUCCH resources indicated, among the set ’A’ of
PUCCH resources, by using the DCI described herein
may be assumed to be a set ’B’ of PUCCH resources in
some implementations for the sake of simple description.
[0118] In an example, a value of the first field of the
DCI (e.g., the 2-bit field of the DCI) may be used for in-
dicating the set ’B’ of PUCCH resources in a case that a
value of the second field of the DCI (e.g., 1-bit field of the
DCI) may be set a predetermined value (e.g., 1-bit field
is set to ’1’). In another example, the second field of the
DCI (e.g., 1-bit field of the DCI) may be a field used for
indicating (requesting) the HARQ-ACK transmission
(e.g., indicating (requesting) the HARQ-ACK transmis-
sion on PUCCH).
[0119] The UE 502 may transmit the HARQ-ACK (e.g.,
on PUCCH) based on the value of the second field of the
DCI. The HARQ-ACK may correspond to the PDSCH
scheduled by using the DCI including the value of the
second field.
[0120] Also, the SR may be transmitted together with
the HARQ-ACK that corresponds to the PDSCH sched-
uled by using the DCI including the value of the second
field. Namely, the UE 502 may determine the set ’B’ of
PUCCH resources to transmit the HARQ-ACK (the
HARQ-ACK and/or the SR). Also, the UE 502 may de-
termine the set ’B’ of PUCCH resources to transmit the
HARQ-ACK and/or the SR.
[0121] For example, as shown by Figure 5, the gNB
560 may configure, by using the RRC message, a first
PUCCH resource value (e.g., first PUCCH resource in-
dex, F1), second PUCCH resource value (e.g., second
PUCCH resource index, F2), and third PUCCH resource
value (e.g., third PUCCH resource index, F3). Also, the
gNB 560 may configure, by using the RRC message, first
transmission timing (e.g., first timing offset, k1), second
transmission timing (e.g., second timing offset, k2), and
third transmission timing (e.g., third timing offset, k3). In
an implementation, K1=n+3, K2=n+4, K3=n+5, where n
is the subframe in which a PDCCH is transmitted.
[0122] In Figure 5, PUCCH-F1-k1, PUCCH-F2-k2,
PUCCH-F3-k3 may be included in the first set of PUCCH
resources among the set ’A’ of PUCCH resources. The
first set of PUCCH resources may correspond to a first
value of the field of the DCI (e.g., ’00’ of the 2-bit field of
the DCI). Also, PUCCH-F4-k2, PUCCH-F5-k2, PUCCH-
F6-k2 may be included in second set of PUCCH resourc-
es among the set ’A’ of PUCCH resources. The second
set of PUCCH resources may correspond to a second
value of the field of the DCI (e.g., ’01’ of the 2-bit field of
the DCI).
[0123] Furthermore, each of the one or more PUCCH
resources included in the first set of PUCCH resource
may correspond to one or more information indicated (ex-

pressed) by the SR bit(s). Also, each of the one or more
PUCCH resources included in the second set of PUCCH
resource may correspond to one or more information in-
dicated (expressed) by the SR bit(s).
[0124] In an example, each of the one or more PUCCH
resources included in each of set of PUCCH resources
may correspond to a priority. For example, the PUCCH-
F1-k1 included in the first set of PUCCH resources may
correspond to the high priority. The PUCCH-F2-k2 in-
cluded in the first set of PUCCH resources may corre-
spond to the medium priority. The PUCCH-F3-k3 includ-
ed in the first set of PUCCH resources may correspond
to the low priority.
[0125] The PUCCH-F4-k2 included in the second set
of PUCCH resources may correspond to the high priority
(as indicated by a star in Figure 5). Also, the PUCCH-
F5-k2 included in the second set of PUCCH resources
may correspond to the medium priority (as indicated by
a triangle in Figure 5). Also, the PUCCH-F6-k2 included
in the second set of PUCCH resources may correspond
to the low priority (as indicated by a diamond in Figure 5).
[0126] For example, the gNB 560 may transmit DCI
including the field set to a value ’01’ (i.e., the value ’01’
to which the field of the DCI is mapped). The UE 502 may
transmit, based on the SR configuration, the value of the
field of the DCI, and/or the priority, the SR (the SR bit(s))
on a corresponding PUCCH (i.e., on PUCCH with a cor-
responding PUCCH resource value, and/or in a corre-
sponding transmission timing). For example, in a case
of the high priority, the UE 502 may select (i.e., deter-
mine) PUCCH-F4-k2 (i.e., the PUCCH resource value
’F4’, and/or the transmitting timing ’k2’) and use PUCCH-
F4-k2 to transmit the SR (e.g., the transmission of the
HARQ-ACK and the SR using PUCCH-F4-k2 may be
performed).
[0127] In a case of the medium priority, the UE 502
may select (i.e., determine) PUCCH-F5-k2 (i.e., the
PUCCH resource value ’F5’, and/or the transmitting tim-
ing ‘k2’) and use PUCCH-F5-k2 to transmit the SR (e.g.,
the transmission of the HARQ-ACK and the SR using
PUCCH-F5-k2 may be performed). In a case of the low
priority, the UE 502 may select (i.e., determine) PUCCH-
F6-k2 (i.e., the PUCCH resource value ’F6’, and/or the
transmitting timing ’k2’) and use PUCCH-F6-k2 to trans-
mit the SR (e.g., the transmission of the HARQ-ACK and
the SR using PUCCH-F6-k2 may be performed).
[0128] Also, the priority may correspond to the DCI
(e.g., the detected DCI, the detected DCI format, the first
PDCCH, and/or the second PDCH). For example, the
UE 502 may transmit, based on a detection of the first
DCI, the first DCI format, and/or the first PDCCH, the SR
on the PUCCH (e.g., the SR indicating the low priority).
Also, for example, the UE 502 may transmit, based on a
detection of the second DCI, the second DCI format,
and/or the second PDCH, the SR on the PUCCH (the
SR indicating the medium priority). Also, for example, the
UE 502 may transmit, based on a detection of the third
DCI, the third DCI format, and/or the third PDCH, the SR
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on the PUCCH (the SR indicating the high priority).
[0129] Here, for example, a one-bit SR (e.g., ’0’ indi-
cating a negative, and/or ’1’ indicating a positive) may be
transmitted. Also, an on-off keying may be used for the
SR transmission. Namely, the UE 502 may transmit the
SR in a case that UL-SCH resources are requested, and
may not transmit the SR in a case that UL-SCH resources
are not requested. Also, multi-bit SR may be transmitted.
[0130] Furthermore, the SR may be transmitted to-
gether with the HARQ-ACK and/or the CSI on the
PUCCH. For example, the SR may be multiplexed with
the HARQ-ACK and/or the CSI on the PUCCH. Also, the
SR may be transmitted on the first PUCCH and the
HARQ-ACK and/or the CSI may be transmitted on the
second PUCCH (i.e., the simultaneous transmission of
multiple PUCCHs).
[0131] Figure 6A is an example illustrating an SR trans-
mission using a FDM and TDM-based priority indication.
A gNB 660 may communicate with a 5G NR UE 602.
[0132] As described above, the gNB 660 may transmit
the RRC message including the one or more SR config-
urations. And, for example, each of the SR configura-
tion(s) may be correspond to the priority. Also, for exam-
ple, each of subframes (or slots, or mini-slots, or symbols)
configured based on the SR configuration(s) for the SR
transmission may be correspond to the priority.
[0133] Furthermore, as described above, the gNB 660
may transmit the RRC message including information
used for configuring the set ’A’ of PUCCH resources, and
the DCI indicating the set ’B’ of PUCCH resources among
the set ’A’ of PUCCH resources. For example, the three
(or four) PUCCH resource values may be configured by
using the RRC message, and the one PUCCH value
among the three (or four) PUCCH resource values may
be indicated by using the DCI (e.g., the value of the field
of the DCI). The UE 602 may determine the one PUCCH
value from one of the three (or four) PUCCH resource
values.
[0134] Here, for example, in Figure 6A, the priority of
a subframe corresponding to k1 (e.g., a first subframe
configured for the SR transmission) may be configured
based on the SR configuration as the high priority (rep-
resented by a star) and/or the medium priority (repre-
sented by a triangle). Also, in Figure 6A the priority of a
subframe corresponding to k3 (e.g., a second subframe
configured for the SR transmission) may be configured
based on the SR configuration as the high priority, the
medium priority, and/or the low priority (represented by
a diamond). Furthermore, the value(s) of the field of the
DCI may be set to ’00’ and/or ’01’ to indicate the availa-
bility of two different combinations of PUCCH configura-
tions (i.e., 2 different transmission times; K1 and K3 and
for each there are 3 different frequencies F1, F2, F3) to
indicate different attributes (6 in this case) regarding the
requested Bandwidth. For example, K1 represents lower
bandwidth and F3 represents higher priority.
[0135] The UE 602 may transmit, based on the SR
configuration, the value(s) of the field of the DCI, and/or

the priority, the SR (the SR bit(s)) on a corresponding
PUCCH. For example, in a case of the high priority, the
UE 602 may select (determine) the PUCCH-F1-k1 and/or
the PUCCH-F4-k3, and use the PUCCH-F1-k1 and/or
the PUCCH-F4-k3 to transmit the SR (e.g., the transmis-
sion of the HARQ-ACK and the SR using the PUCCH-
F1-k1 and/or the PUCCH-F4-k3 may be performed). In
an implementation, K1=n+3, K2=n+4, K3=n+5, where n
is the subframe in which a PDCCH is transmitted.
[0136] In a case of the medium priority, the UE 602
may select (determine) the PUCCH-F2-k1 and/or the
PUCCH-F5-k3, and use the PUCCH-F2-k1 and/or the
PUCCH-F5-k3 to transmit the SR (e.g., the transmission
of the HARQ-ACK and the SR using the PUCCH-F2-k1
and/or the PUCCH-F5-k3 may be performed).
[0137] In a case of the low priority, the UE 602 may
select (determine) the PUCCH-F6-k3, and use the
PUCCH-F6-k3 to transmit the SR (e.g., the transmission
of the HARQ-ACK and the SR using the PUCCH-F6-k3
may be performed). Here, because of the priority of the
subframe corresponding to the k1 is not configured as
the low priority, the UE 602 may not select the PUCCH-
F3-k1 for the SR transmission. Namely, the UE 602 may
transmit the SR on the PUCCH resources for which the
corresponding priority for a particular Bandwidth is con-
figured.
[0138] The UE 602 may transmit the SR on the PUCCH
resources in a subframe for which the corresponding pri-
ority is configured. Namely, as described above, for ex-
ample, the UE 602 may not select the PUCCH resources
of the low priority in a case that the subframe (and/or the
PUCCH resources) is not configured for the transmission
of the SR indicating the low priority. And, in this case, the
UE 602 may select only the PUCCH resources of the
high priority and/or the medium priority.
[0139] Here, for example, one-bit SR (e.g., ’0’ indicat-
ing a negative, and/or ’1’ indicating a positive) may be
transmitted. Also, an on-off keying may be used for the
SR transmission. Namely, the UE 602 may transmit the
SR in a case that UL-SCH resources are requested, and
may not transmit the SR in a case that UL-SCH resources
are not requested. Also, multi-bit SR may be transmitted.
Also, the SR may be transmitted together with the HARQ-
ACK and/or the CSI on the PUCCH. For example, the
SR may be multiplexed with the HARQ-ACK and/or the
CSI on the PUCCH. Also, the SR may be transmitted on
the first PUCCH and the HARQ-ACK and/or the CSI may
be transmitted on the second PUCCH (i.e., the simulta-
neous transmission of multi PUCCHs).
[0140] In Figures 4-6A, the priority is described. But,
other information different from the priority is not preclud-
ed in this disclosure. For example, the priority may be
replaced by a type of traffic characteristic and/or a type
of traffic service. Namely, the high priority may be re-
placed by a first type of traffic characteristic and/or a first
type of traffic service. Also, the medium priority may be
replaced by a second type of traffic characteristic and/or
a second type of traffic service. Also, the low priority may
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be replaced by a third type of traffic characteristic and/or
a third type of traffic service.
[0141] In another example, the priority may be re-
placed by a type of logical channel and/or a type of logical
channel group (LCG). Namely, the high priority may be
replaced by a first type of logical channel and/or a first
type of LCG. Also, the medium priority may be replaced
by a second type of logical channel and/or a second type
of LCG. Also, the low priority may be replaced by a third
type of logical channel and/or a third type of LCG.
[0142] In another example, the priority may be re-
placed by an amount of the data (the amount of the data
(the bits) available) associated to that logical channel (or
LCG). Namely, the high priority may be replaced by first
amount of data available associated to that logical chan-
nel (or LCG). Also, the medium priority may be replaced
by second amount of data available associated to that
logical channel (or LCG). Also, the low priority may be
replaced by third amount of data available associated to
that logical channel (or LCG).
[0143] In another example, the priority may be re-
placed by a buffer size (the buffer size associated to that
logical channel (or LCG)). Namely, the high priority may
be replaced by a first buffer size. Also, the medium priority
may be replaced by a second buffer size. Also, the low
priority may be replaced by a third buffer size.
[0144] Also, in another example, the priority may be
replaced by a service type. Namely, the high priority may
be replaced by a first service type. Also, the medium pri-
ority may be replaced by a second service type. Also,
the low priority may be replaced by a third service type.
[0145] In another example, the priority may be re-
placed by a numerology (e.g., a subcarrier spacing for
the transmission) and optionally a transmission time in-
terval (TTI) duration. Namely, the high priority may be
replaced by a first numerology (e.g., 15kHz subcarrier
spacing) and optionally a first TTI (e.g., 1ms). The me-
dium priority may be replaced by a second numerology
(e.g., 30 kHz subcarrier spacing) and optionally a second
TTI (e.g., 0.5ms). The low priority may be replaced by a
third numerology (e.g., 60kHz subcarrier spacing) and
optionally a third TTI (0.25ms). Here, the numerology and
optionally the TTI may be defined for the logical chan-
nel(s) with pending data.
[0146] Figure 6B is an example illustrating Bandwidth
Adaptation in a 5G NR system. With Bandwidth Adapta-
tion (BA), the receive and transmit bandwidth using a
certain numerology such that if a UE need not be as large
as the bandwidth of the cell and can be adjusted: the
width can be ordered to change (e.g., to shrink during a
period of low activity to save power); the location can
move in the frequency domain (e.g., to increase sched-
uling flexibility); and the subcarrier spacing can be or-
dered to change (e.g., to allow different services). A sub-
set of the total cell bandwidth and its numerologies within
a cell is referred to as a Bandwidth Part (BWP) and BA
is achieved by configuring the UE with BWP(s) and telling
the UE which of the configured BWPs is currently the

active one. Figure 6B illustrates a scenario where 3 dif-
ferent BWPs are configured: BWP1 with a width of 40
MHz and subcarrier spacing of 15 kHz; BWP2 with a
width of 10 MHz and subcarrier spacing of 15 kHz; BWP3
with a width of 20 MHz and subcarrier spacing of 60 kHz.
In order to enable BA and special reporting of SR for that
particular BWP, the gNB may configure the UE with UL
and/or DL BWP pair(s) as shown in Figure 7. Each band-
width/BWP is uniquely identified by the gNB (i.e., BW1,
BW2, ...) using RRC signaling.
[0147] Figure 7 is an example illustrating an SR trans-
mission using a TDM-based priority indication for differ-
ent bandwidths. A gNB 760 may communicate with a 5G
NR UE 702.
[0148] The procedures described in connection with
Figure 4 may be used. However, in this case, instead of
a priority of UL-SCH resources, the RRC message con-
figures a bandwidth for a given PUCCH.
[0149] The priority may include a bandwidth/BWP for
the transmission. For example, the PUCCH-1 (or the first
SR configuration) may correspond to a high bandwidth
(represented in Figure 7 by a star), the PUCCH-2 (or the
second SR configuration) may correspond to a medium
bandwidth (represented in Figure 7 by a triangle), and
the PUCCH-3 (or the third SR configuration) may corre-
spond to a low bandwidth (represented in Figure 7 by a
diamond).
[0150] Figure 8 is an example illustrating an SR trans-
mission using a FDM and TDM-based priority indication
for different bandwidths/BWP and services. A gNB 860
may communicate with a 5G NR UE 802. Different fre-
quencies may indicate different priorities, different times
may indicate different services (e.g., URLLC).
[0151] The procedures described in connection with
Figure 6A may be used. However, in this case, instead
of a priority of UL-SCH resources, the RRC message
configures a service and a bandwidth/BWP for a given
PUCCH.
[0152] Here, for example, in Figure 8, the service and
bandwidth/BWP of a subframe corresponding to k1 (e.g.,
a first subframe configured for the SR transmission) may
be configured based on the SR configuration as the high
priority (represented by a star) and/or the medium priority
(represented by a triangle). Also, in Figure 8 the service
and bandwidth of a subframe corresponding to k3 (e.g.,
a second subframe configured for the SR transmission)
may be configured based on the SR configuration as the
high priority, the medium priority, and/or the low priority
(represented by a diamond). Furthermore, the value(s)
of the field of the DCI may be set to ’00’ and/or ’01’. In
an implementation, K1=n+3, K2=n+4, K3=n+5, where n
is the subframe in which a PDCCH is transmitted.
[0153] Figure 9 is an example illustrating an SR trans-
mission using a FDM and TDM-based priority indication
for different bandwidths and numerologies (i.e, BWP). A
gNB 960 may communicate with a 5G NR UE 902. Dif-
ferent frequencies indicate different bandwidth and dif-
ferent time indicates different Numerology (BWP).
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[0154] The procedures described in connection with
Figure 6A may be used. However, in this case, instead
of a priority of UL-SCH resources, the RRC message
configures a numerology and a bandwidth for a given
PUCCH.
[0155] The priority may be replaced by a numerology
(e.g., a subcarrier spacing for the transmission) and op-
tionally a transmission time interval (TTI) duration. In an
example, the high priority may be replaced by a first nu-
merology (e.g., 15kHz subcarrier spacing) and optionally
a first TTI (e.g., 1ms). Also, the medium priority may be
replaced by a second numerology (e.g., 30 kHz subcar-
rier spacing) and optionally a second TTI (e.g., 0.5ms).
Also, the low priority may be replaced by a third numer-
ology (e.g., 60kHz subcarrier spacing) and optionally a
3rd TTI (0.25ms). Here, the numerology and optionally
the TTI may be defined for the logical channel(s) with
pending data.
[0156] In Figure 9, the numerology and bandwidth
(BWP) of a subframe corresponding to k1 (e.g., a first
subframe configured for the SR transmission) may be
configured based on the SR configuration as the high
priority (represented by a star) and/or the medium priority
(represented by a triangle). Also, in Figure 9 the numer-
ology and bandwidth (BWP) of a subframe corresponding
to k3 (e.g., a second subframe configured for the SR
transmission) may be configured based on the SR con-
figuration as the high priority, the medium priority, and/or
the low priority (represented by a diamond). Furthermore,
the value(s) of the field of the DCI may be set to ‘00’
and/or ’01’. In an implementation, K1=n+3, K2=n+4,
K3=n+5, where n is the subframe in which a PDCCH is
transmitted.
[0157] Figure 10 is an example illustrating an SR trans-
mission using a FDM and TDM-based priority indication
for different bandwidths and beams. A gNB 1060 may
communicate with a 5G NR UE 1002.
[0158] The procedures described in connection with
Figure 6A may be used. However, in this case, instead
of a priority of UL-SCH resources, the RRC message
may configure a beam and a bandwidth/BWP for a given
PUCCH.
[0159] The priority may be replaced by a beam. In an
example, the high priority may be replaced by a first
beam. Also, the medium priority may be replaced by a
second beam. Also, the low priority may be replaced by
a third beam (e.g., 60kHz subcarrier spacing) and/or a
3rd TTI (0.25ms). Here, the beam may be defined as a
beam formation.
[0160] In Figure 10, the beam and bandwidth/BWP of
a subframe corresponding to k1 (e.g., a first subframe
configured for the SR transmission) may be configured
based on the SR configuration as the high priority (rep-
resented by a star) and/or the medium priority (repre-
sented by a triangle). Also, in Figure 10 the beam and
bandwidth/BWP of a subframe corresponding to k3 (e.g.,
a second subframe configured for the SR transmission)
may be configured based on the SR configuration as the

high priority, the medium priority, and/or the low priority
(represented by a diamond). Furthermore, the value(s)
of the field of the DCI may be set to ‘00’ and/or ’01’. In
an implementation, K1=n+3, K2=n+4, K3=n+5, where n
is the subframe in which a PDCCH is transmitted.
[0161] Figure 11 is a block diagram illustrating one im-
plementation of a gNB 1160. The gNB 1160 may include
a higher layer processor 1123, a DL transmitter 1125, a
UL receiver 1133, and one or more antenna 1131. The
DL transmitter 1125 may include a PDCCH transmitter
1127 and a PDSCH transmitter 1129. The UL receiver
1133 may include a PUCCH receiver 1135 and a PUSCH
receiver 1137.
[0162] The higher layer processor 1123 may manage
physical layer’s behaviors (the DL transmitter’s and the
UL receiver’s behaviors) and provide higher layer param-
eters to the physical layer. The higher layer processor
1123 may obtain transport blocks from the physical layer.
The higher layer processor 1123 may send/acquire high-
er layer messages such as an RRC message and MAC
message to/from a UE’s higher layer. The higher layer
processor 1123 may provide the PDSCH transmitter
transport blocks and provide the PDCCH transmitter
transmission parameters related to the transport blocks.
[0163] The DL transmitter 1125 may multiplex down-
link physical channels and downlink physical signals (in-
cluding reservation signal) and transmit them via trans-
mission antennas 1131. The UL receiver 1133 may re-
ceive multiplexed uplink physical channels and uplink
physical signals via receiving antennas 1131 and de-mul-
tiplex them. The PUCCH receiver 1135 may provide the
higher layer processor 1123 UCI. The PUSCH receiver
1137 may provide the higher layer processor 1123 re-
ceived transport blocks.
[0164] Figure 12 is a block diagram illustrating one im-
plementation of a UE 1202. The UE 1202 may include a
higher layer processor 1223, a UL transmitter 1251, a
DL receiver 1243, and one or more antenna 1231. The
UL transmitter 1251 may include a PUCCH transmitter
1253 and a PUSCH transmitter 1255. The DL receiver
1243 may include a PDCCH receiver 1245 and a PDSCH
receiver 1247.
[0165] The higher layer processor 1223 may manage
physical layer’s behaviors (the UL transmitter’s and the
DL receiver’s behaviors) and provide higher layer param-
eters to the physical layer. The higher layer processor
1223 may obtain transport blocks from the physical layer.
The higher layer processor 1223 may send/acquire high-
er layer messages such as an RRC message and MAC
message to/from a UE’s higher layer. The higher layer
processor 1223 may provide the PUSCH transmitter
transport blocks and provide the PUCCH transmitter
1253 UCI.
[0166] The DL receiver 1243 may receive multiplexed
downlink physical channels and downlink physical sig-
nals via receiving antennas 1231 and de-multiplex them.
The PDCCH receiver 1245 may provide the higher layer
processor 1223 DCI. The PDSCH receiver 1247 may pro-
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vide the higher layer processor 1223 received transport
blocks.
[0167] It should be noted that names of physical chan-
nels described herein are examples. The other names
such as "NRPDCCH, NRPDSCH, NRPUCCH and
NRPUSCH", "new Generation-(G)PDCCH, GPDSCH,
GPUCCH and GPUSCH" or the like can be used.
[0168] Figure 13 illustrates various components that
may be utilized in a UE 1302. The UE 1302 described in
connection with Figure 13 may be implemented in ac-
cordance with the UE 102 described in connection with
Figure 1. The UE 1302 includes a processor 1303 that
controls operation of the UE 1302. The processor 1303
may also be referred to as a central processing unit
(CPU). Memory 1305, which may include read-only
memory (ROM), random access memory (RAM), a com-
bination of the two or any type of device that may store
information, provides instructions 1307a and data 1309a
to the processor 1303. A portion of the memory 1305
may also include non-volatile random access memory
(NVRAM). Instructions 1307b and data 1309b may also
reside in the processor 1303. Instructions 1307b and/or
data 1309b loaded into the processor 1303 may also in-
clude instructions 1307a and/or data 1309a from memory
1305 that were loaded for execution or processing by the
processor 1303. The instructions 1307b may be execut-
ed by the processor 1303 to implement the methods de-
scribed above.
[0169] The UE 1302 may also include a housing that
contains one or more transmitters 1358 and one or more
receivers 1320 to allow transmission and reception of
data. The transmitter(s) 1358 and receiver(s) 1320 may
be combined into one or more transceivers 1318. One
or more antennas 1322a-n are attached to the housing
and electrically coupled to the transceiver 1318.
[0170] The various components of the UE 1302 are
coupled together by a bus system 1311, which may in-
clude a power bus, a control signal bus and a status signal
bus, in addition to a data bus. However, for the sake of
clarity, the various buses are illustrated in Figure 13 as
the bus system 1311. The UE 1302 may also include a
digital signal processor (DSP) 1313 for use in processing
signals. The UE 1302 may also include a communica-
tions interface 1315 that provides user access to the func-
tions of the UE 1302. The UE 1302 illustrated in Figure
13 is a functional block diagram rather than a listing of
specific components.
[0171] Figure 14 illustrates various components that
may be utilized in a gNB 1460. The gNB 1460 described
in connection with Figure 14 may be implemented in ac-
cordance with the gNB 160 described in connection with
Figure 1. The gNB 1460 includes a processor 1403 that
controls operation of the gNB 1460. The processor 1403
may also be referred to as a central processing unit
(CPU). Memory 1405, which may include read-only
memory (ROM), random access memory (RAM), a com-
bination of the two or any type of device that may store
information, provides instructions 1407a and data 1409a

to the processor 1403. A portion of the memory 1405
may also include non-volatile random access memory
(NVRAM). Instructions 1407b and data 1409b may also
reside in the processor 1403. Instructions 1407b and/or
data 1409b loaded into the processor 1403 may also in-
clude instructions 1407a and/or data 1409a from memory
1405 that were loaded for execution or processing by the
processor 1403. The instructions 1407b may be execut-
ed by the processor 1403 to implement the methods de-
scribed above.
[0172] The gNB 1460 may also include a housing that
contains one or more transmitters 1417 and one or more
receivers 1478 to allow transmission and reception of
data. The transmitter(s) 1417 and receiver(s) 1478 may
be combined into one or more transceivers 1476. One
or more antennas 1480a-n are attached to the housing
and electrically coupled to the transceiver 1476.
[0173] The various components of the gNB 1460 are
coupled together by a bus system 1411, which may in-
clude a power bus, a control signal bus and a status signal
bus, in addition to a data bus. However, for the sake of
clarity, the various buses are illustrated in Figure 14 as
the bus system 1411. The gNB 1460 may also include a
digital signal processor (DSP) 1413 for use in processing
signals. The gNB 1460 may also include a communica-
tions interface 1415 that provides user access to the func-
tions of the gNB 1460. The gNB 1460 illustrated in Figure
14 is a functional block diagram rather than a listing of
specific components.
[0174] Figure 15 is a block diagram illustrating one im-
plementation of a UE 1502 in which systems and meth-
ods for an enhanced scheduling request may be imple-
mented. The UE 1502 includes transmit means 1558,
receive means 1520 and control means 1524. The trans-
mit means 1558, receive means 1520 and control means
1524 may be configured to perform one or more of the
functions described in connection with Figure 1 above.
Figure 13 above illustrates one example of a concrete
apparatus structure of Figure 15. Other various struc-
tures may be implemented to realize one or more of the
functions of Figure 1. For example, a DSP may be real-
ized by software.
[0175] Figure 16 is a block diagram illustrating one im-
plementation of a gNB 1660 in which systems and meth-
ods for an enhanced scheduling request may be imple-
mented. The gNB 1660 includes transmit means 1617,
receive means 1678 and control means 1682. The trans-
mit means 1617, receive means 1678 and control means
1682 may be configured to perform one or more of the
functions described in connection with Figure 1 above.
Figure 14 above illustrates one example of a concrete
apparatus structure of Figure 16. Other various struc-
tures may be implemented to realize one or more of the
functions of Figure 1. For example, a DSP may be real-
ized by software.
[0176] Figure 17 is a flow diagram illustrating a com-
munication method 1700 of a user equipment (UE) 102.
The UE receives 1702, from a base station apparatus
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(gNB) 160, a radio resource control (RRC) message(s)
that includes one or more physical uplink control channel
(PUCCH) configurations indicating one or more PUCCH
resources. Each PUCCH resource may be correspond-
ing to one or more bandwidth part (BWP) and one or
more logical channel. The UE 102 transmits 1704, to the
gNB 160, a scheduling request(s) based on any one or
more of the following: one or more SR configurations,
one or more PUCCH configuration(s), and/or one or more
BWP configuration(s). The UE 102 may receive 1706,
from the gNB 160, a radio resource control (RRC) mes-
sage(s) that includes bandwidth part (BWP) identifier(s)
indicating one or more BWPs. The BWP configuration is
used for indicating uplink frequency location, uplink BW
size, and numerology. The UE 102 transmits 1708, to
the gNB 160, a scheduling request on the one or more
BWPs indicated by the BWP identifier(s) and the BWP
configuration. The UE 102 transmits 1710, to the gNB
160, a scheduling request on the one or more BWPs
based on the BWP configuration.
[0177] Figure 18 is a flow diagram illustrating a com-
munication method 1800 of a base station apparatus
(gNB) 160. The gNB 160 transmits 1802, to a user equip-
ment (UE) 102, a radio resource control (RRC) mes-
sage(s) that includes bandwidth part (BWP) identifier(s)
indicating one or more BWPs, and one or more BWP
configuration for each BWP identifier. The gNB 160 re-
ceives 1804, from the UE 102, a scheduling request on
the one or more BWPs indicated by the BWP identifier(s)
and on the BWP configuration. The gNB 160 transmits
1806, to the UE 102, a radio resource control (RRC) mes-
sage(s) that includes BWP configuration used for indi-
cating uplink frequency location, uplink BW size, and nu-
merology.
[0178] The term "computer-readable medium" refers
to any available medium that can be accessed by a com-
puter or a processor. The term "computer-readable me-
dium," as used herein, may denote a computer- and/or
processor-readable medium that is non-transitory and
tangible. By way of example, and not limitation, a com-
puter-readable or processor-readable medium may com-
prise RAM, ROM, EEPROM, CD-ROM or other optical
disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium that can be used
to carry or store desired program code in the form of
instructions or data structures and that can be accessed
by a computer or processor. Disk and disc, as used here-
in, includes compact disc (CD), laser disc, optical disc,
digital versatile disc (DVD), floppy disk and Blu-ray® disc
where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers.
[0179] It should be noted that one or more of the meth-
ods described herein may be implemented in and/or per-
formed using hardware. For example, one or more of the
methods described herein may be implemented in and/or
realized using a chipset, an application-specific integrat-
ed circuit (ASIC), a large-scale integrated circuit (LSI) or
integrated circuit, etc.

[0180] Each of the methods disclosed herein compris-
es one or more steps or actions for achieving the de-
scribed method. The method steps and/or actions may
be interchanged with one another and/or combined into
a single step. In other words, unless a specific order of
steps or actions is required for proper operation of the
method that is being described, the order and/or use of
specific steps and/or actions may be modified.
[0181] It is to be understood that the precise configu-
ration and components illustrated above are not limiting.
Various modifications, changes and variations may be
made in the arrangement, operation and details of the
systems, methods, and apparatus described herein.
[0182] A program running on the gNB 160 or the UE
102 according to the described systems and methods is
a program (a program for causing a computer to operate)
that controls a CPU and the like in such a manner as to
realize the function according to the described systems
and methods. Then, the information that is handled in
these apparatuses is temporarily stored in a RAM while
being processed. Thereafter, the information is stored in
various ROMs or HDDs, and whenever necessary, is
read by the CPU to be modified or written. As a recording
medium on which the program is stored, among a sem-
iconductor (for example, a ROM, a nonvolatile memory
card, and the like), an optical storage medium (for exam-
ple, a DVD, a MO, a MD, a CD, a BD, and the like), a
magnetic storage medium (for example, a magnetic tape,
a flexible disk, and the like), and the like, any one may
be possible. Furthermore, in some cases, the function
according to the described systems and methods de-
scribed above is realized by running the loaded program,
and in addition, the function according to the described
systems and methods is realized in conjunction with an
operating system or other application programs, based
on an instruction from the program.
[0183] Furthermore, in a case where the programs are
available on the market, the program stored on a portable
recording medium can be distributed or the program can
be transmitted to a server computer that connects
through a network such as the Internet, In this case, a
storage device in the server computer also is included.
Furthermore, some or all of the gNB 160 and the UE 102
according to the systems and methods described above
may be realized as an LSI that is a typical integrated
circuit. Each functional block of the gNB 160 and the UE
102 may be individually built into a chip, and some or all
functional blocks may be integrated into a chip. Further-
more, a technique of the integrated circuit is not limited
to the LSI, and an integrated circuit for the functional block
may be realized with a dedicated circuit or a general-
purpose processor. Furthermore, if with advances in a
semiconductor technology, a technology of an integrated
circuit that substitutes for the LSI appears, it is also pos-
sible to use an integrated circuit to which the technology
applies.
[0184] Moreover, each functional block or various fea-
tures of the base station device and the terminal device
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used in each of the aforementioned embodiments may
be implemented or executed by a circuitry, which is typ-
ically an integrated circuit or a plurality of integrated cir-
cuits. The circuitry designed to execute the functions de-
scribed in the present specification may comprise a gen-
eral-purpose processor, a digital signal processor (DSP),
an application specific or general application integrated
circuit (ASIC), a field programmable gate array (FPGA),
or other programmable logic devices, discrete gates or
transistor logic, or a discrete hardware component, or a
combination thereof. The general-purpose processor
may be a microprocessor, or alternatively, the processor
may be a conventional processor, a controller, a micro-
controller or a state machine. The general-purpose proc-
essor or each circuit described above may be configured
by a digital circuit or may be configured by an analogue
circuit. Further, when a technology of making into an in-
tegrated circuit superseding integrated circuits at the
present time appears due to advancement of a semicon-
ductor technology, the integrated circuit by this technol-
ogy is also able to be used.

Claims

1. A user equipment (102) comprising:

a receiving unit (120) configured to receive, from
a base station apparatus (160), a radio resource
control, RRC, message(s) comprising more
than one scheduling request, SR, configurations
and bandwidth part, BWP, identifier(s) indicating
one or more BWPs, wherein the BWP configu-
ration is used for indicating uplink frequency lo-
cation, uplink BW size, and numerology; and
a transmitting unit (158) configured to transmit,
to the base station apparatus (160), SR on a
physical uplink control channel, PUCCH, based
on the one or more BWPs indicated by the BWP
identifier(s); wherein
each SR configuration is associated with a set
of PUCCH resources for SR across different
bandwidths in frequency domain and is corre-
sponding to any one or more of the following:

one or more logical channel groups, LCG,
one or more priorities, or
one or more subcarrier spacings.

2. A base station apparatus (160) comprising:

a transmitting unit (117) configured to transmit,
to a user equipment (102), a radio resource con-
trol, RRC, message(s) comprising more than
one scheduling request, SR, configurations and
bandwidth part, BWP, identifier(s) indicating one
or more BWPs, wherein the BWP configuration
is used for indicating uplink frequency location,

uplink BW size, and numerology; and
a receiving unit (178) configured to receive, from
the user equipment (102), SR on a physical up-
link control channel, PUCCH, based on the one
or more BWPs indicated by the BWP identifi-
er(s); wherein
each SR configuration is associated with a set
of PUCCH resources for SR across different
bandwidths in frequency domain and is corre-
sponding to any one or more of the following:

one or more logical channel groups, LCG,
one or more priorities, or
one or more subcarrier spacings.

3. A method of a user equipment (102), the method
comprising:

receiving, from a base station apparatus (160),
a radio resource control, RRC, message(s)
comprising more than one scheduling request,
SR, configurations and bandwidth part, BWP,
identifier(s) indicating one or more BWPs,
wherein the BWP configuration is used for indi-
cating uplink frequency location, uplink BW size,
and numerology; and
transmitting, to the base station apparatus
(160), SR on a physical uplink control channel,
PUCCH, based on the one or more BWPs indi-
cated by the BWP identifier(s); wherein
each SR configuration is associated with a set
of PUCCH resources for SR across different
bandwidths in frequency domain and is corre-
sponding to any one or more of the following:

one or more logical channel groups, LCG,
one or more priorities, or
one or more subcarrier spacings.

4. A method of a base station apparatus (160) compris-
ing:

transmitting, to a user equipment (102), a radio
resource control, RRC, message(s) comprising
more than one scheduling request (SR) config-
urations and bandwidth part, BWP, identifier(s)
indicating one or more BWPs, wherein the BWP
configuration is used for indicating uplink fre-
quency location, uplink BW size, and numerol-
ogy; and
receiving, from the user equipment (102), SR on
a physical uplink control channel, PUCCH,
based on the one or more BWPs indicated by
the BWP identifier(s); wherein
each SR configuration is associated with a set
of PUCCH resources for SR across different
bandwidths in frequency domain and is corre-
sponding to any one or more of the following:
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one or more logical channel groups, LCG,
one or more priorities, or
one or more subcarrier spacings.

Patentansprüche

1. Endgerät (102), aufweisend:

eine Empfangseinheit (120), die konfiguriert ist,
um von einem Basisstationsgerät (160) (eine)
RRC-Nachricht(en) (RRC: Funkressourcen-
steuerung) zu empfangen, die mehr als eine SR-
Konfiguration (SR: Scheduling-Anforderung)
und (eine) BWP-Kennung(en) (BWP: Band-
width Part), die einen oder mehrere BWP an-
zeigt/anzeigen, umfasst/umfassen, wobei die
BWP-Konfiguration verwendet wird, um den
Uplink-Frequenzort, die Uplink-Bandbreiten-
größe und die Numerologie anzuzeigen; und
eine Übermittlungseinheit (158), die konfiguriert
ist, um basierend auf dem einen oder den meh-
reren BWP, der/die von der/den BWP-Ken-
nung(en) angezeigt wird/werden, eine SR auf
einem physischen Uplink-Steuerkanal
(PUCCH) an das Basisstationsgerät (160) zu
übermitteln; wobei
jede SR-Konfiguration einem Satz PUCCH-
Ressourcen für SR über verschiedene Band-
breiten in einer Frequenzdomäne zugeordnet ist
und einem oder mehreren der folgenden ent-
spricht:

einer oder mehreren logischen Kanalgrup-
pen (LCG),
einer oder mehreren Prioritäten oder
einem oder mehreren Unterträgerabstän-
den.

2. Basisstationsgerät (160), umfassend:

eine Übermittlungseinheit (117), die konfiguriert
ist, um an ein Endgerät (102) (eine) RRC-Nach-
richt(en) (RRC: Funkressourcensteuerung) zu
übermitteln, die mehr als eine SR-Konfiguration
(SR: Scheduling-Anforderung) und (eine) BWP-
Kennung(en) (BWP: Bandwidth Part), die einen
oder mehrere BWP anzeigt/anzeigen, um-
fasst/umfassen, wobei die BWP-Konfiguration
verwendet wird, um den Uplink-Frequenzort, die
Uplink-Bandbreitengröße und die Numerologie
anzuzeigen; und
eine Empfangseinheit (178), die konfiguriert ist,
um basierend auf dem einen oder den mehreren
BWP, der/die von der/den BWP-Kennung(en)
angezeigt wird/werden, eine SR auf einem phy-
sischen Uplink-Steuerkanal (PUCCH) von dem
Endgerät (102) zu empfangen; wobei

jede SR-Konfiguration einem Satz PUCCH-
Ressourcen für SR über verschiedene Band-
breiten in einer Frequenzdomäne zugeordnet ist
und einem oder mehreren der folgenden ent-
spricht:

einer oder mehreren logischen Kanalgrup-
pen (LCG),
einer oder mehreren Prioritäten oder
einem oder mehreren Unterträgerabstän-
den.

3. Verfahren für ein Endgerät (102), wobei das Verfah-
ren umfasst:

Empfangen, von einem Basisstationsgerät
(160), einer RRC-Nachricht/von RRC-Nachrich-
ten (RRC: Funkressourcensteuerung), die mehr
als eine SR-Konfiguration (SR: Scheduling-An-
forderung) und (eine) BWP-Kennung(en)
(BWP: Bandwidth Part), die einen oder mehrere
BWP anzeigt/anzeigen, umfasst/umfassen, wo-
bei die BWP-Konfiguration verwendet wird, um
den Uplink-Frequenzort, die Uplink-Bandbrei-
tengröße und die Numerologie anzuzeigen; und
Übermitteln, an das Basisstationsgerät (160),
einer SR auf einem physischen Uplink-Steuer-
kanal (PUCCH) basierend auf dem einen oder
den mehreren BWP, der/die von der/den BWP-
Kennung(en) angezeigt wird/werden; wobei
jede SR-Konfiguration einem Satz PUCCH-
Ressourcen für SR über verschiedene Band-
breiten in einer Frequenzdomäne zugeordnet ist
und einem oder mehreren der folgenden ent-
spricht:

einer oder mehreren logischen Kanalgrup-
pen (LCG),
einer oder mehreren Prioritäten oder
einem oder mehreren Unterträgerabstän-
den.

4. Verfahren für ein Basisstationsgerät (160), umfas-
send:

Übermitteln, an ein Endgerät (102), einer RRC-
Nachricht/von RRC-Nachrichten (RRC:
Funkressourcensteuerung), die mehr als eine
SR-Konfiguration (SR: Scheduling-Anforde-
rung) und (eine) BWP-Kennung(en) (BWP:
Bandwidth Part), die einen oder mehrere BWP
anzeigt/anzeigen, umfasst/umfassen, wobei die
BWP-Konfiguration verwendet wird, um den
Uplink-Frequenzort, die Uplink-Bandbreiten-
größe und die Numerologie anzuzeigen; und
Empfangen, von dem Endgerät (102), einer SR
auf einem physischen Uplink-Steuerkanal
(PUCCH) basierend auf dem einen oder den
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mehreren BWP, der/die von der/den BWP-Ken-
nung(en) angezeigt wird/werden; wobei
jede SR-Konfiguration einem Satz PUCCH-
Ressourcen für SR über verschiedene Band-
breiten in einer Frequenzdomäne zugeordnet ist
und einem oder mehreren der folgenden ent-
spricht:

einer oder mehreren logischen Kanalgrup-
pen (LCG),
einer oder mehreren Prioritäten oder
einem oder mehreren Unterträgerabstän-
den.

Revendications

1. Équipement utilisateur (102) comprenant :

une unité de réception (120) configurée pour re-
cevoir, à partir d’un appareil de station de base
(160), un ou plusieurs messages de commande
de ressources radio, RRC, comprenant plus
d’une configuration de demande d’ordonnance-
ment, SR, et un ou plusieurs identificateurs de
partie de bande passante, BWP, indiquant une
ou plusieurs BWP, la configuration de BWP
étant utilisée pour indiquer l’emplacement de la
fréquence de la liaison montante, la taille de BW
de la liaison montante et la numérologie ; et
une unité de transmission (158) configurée pour
transmettre, à l’appareil de station de base
(160), une SR sur un canal de commande phy-
sique en liaison montante, PUCCH, sur la base
des une ou plusieurs BWP indiquées par le ou
les identificateurs de BWP ;
chaque configuration de SR étant associée à un
ensemble de ressources PUCCH pour la SR sur
différentes largeurs de bande dans le domaine
fréquentiel et correspondant à l’un quelconque
ou plusieurs des éléments suivants :

un ou plusieurs groupes de canaux logi-
ques, LCG,
une ou plusieurs priorités, ou
un ou plusieurs espacements de sous-por-
teuses.

2. Appareil de station de base (160) comprenant :

une unité de transmission (117) configurée pour
transmettre, à un équipement utilisateur (102),
un ou plusieurs messages de commande de res-
sources radio, RRC, comprenant plus d’une
configuration de demande d’ordonnancement,
SR, et un ou plusieurs identificateurs de partie
de bande passante, BWP, indiquant une ou plu-
sieurs BWP, la configuration de BWP étant uti-

lisée pour indiquer l’emplacement de la fréquen-
ce de la liaison montante, la taille de BW de la
liaison montante et la numérologie ; et
une unité de réception (178) configurée pour re-
cevoir, à partir de l’équipement utilisateur (102),
une SR sur un canal de commande physique en
liaison montante, PUCCH, sur la base des une
ou plusieurs BWP indiquées par le ou les iden-
tificateurs de BWP ;
chaque configuration de SR étant associée à un
ensemble de ressources PUCCH pour la SR sur
différentes largeurs de bande dans le domaine
fréquentiel et correspondant à l’un quelconque
ou plusieurs des éléments suivants :

un ou plusieurs groupes de canaux logi-
ques, LCG,
une ou plusieurs priorités, ou
un ou plusieurs espacements de sous-por-
teuses.

3. Procédé d’un équipement utilisateur (102), le procé-
dé comprenant :

la réception, à partir d’un appareil de station de
base (160), d’un ou de plusieurs messages de
commande de ressources radio, RRC, compre-
nant plus d’une configuration de demande d’or-
donnancement, SR, et un ou plusieurs identifi-
cateurs de partie de bande passante, BWP, in-
diquant une ou plusieurs BWP, la configuration
de BWP étant utilisée pour indiquer l’emplace-
ment de la fréquence de la liaison montante, la
taille de BW de la liaison montante et la
numérologie ; et
la transmission, à l’appareil de station de base
(160), d’une SR sur un canal de commande phy-
sique en liaison montante, PUCCH, sur la base
des une ou de plusieurs BWP indiquées par le
ou les identificateurs de BWP ;
chaque configuration de SR étant associée à un
ensemble de ressources PUCCH pour la SR sur
différentes largeurs de bande dans le domaine
fréquentiel et correspondant à l’un quelconque
ou plusieurs des éléments suivants :

un ou plusieurs groupes de canaux logi-
ques, LCG,
une ou plusieurs priorités, ou
un ou plusieurs espacements de sous-por-
teuses.

4. Procédé d’un appareil de station de base (160)
comprenant :

la transmission, à un équipement utilisateur
(102), d’un ou de plusieurs messages de com-
mande de ressources radio, RRC, comprenant
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plus d’une configuration de demande d’ordon-
nancement, SR, et un ou plusieurs identifica-
teurs de partie de bande passante, BWP, indi-
quant une ou plusieurs BWP, la configuration
de BWP étant utilisée pour indiquer l’emplace-
ment de la fréquence de la liaison montante, la
taille de BW de la liaison montante et la
numérologie ; et
la réception, à partir de l’équipement utilisateur
(102), d’une SR sur un canal de commande phy-
sique en liaison montante, PUCCH, sur la base
des une ou plusieurs BWP indiquées par le ou
les identificateurs de BWP ;
chaque configuration de SR étant associée à un
ensemble de ressources PUCCH pour la SR sur
différentes largeurs de bande dans le domaine
fréquentiel et correspondant à l’un quelconque
ou plusieurs des éléments suivants :

un ou plusieurs groupes de canaux logi-
ques, LCG,
une ou plusieurs priorités, ou
un ou plusieurs espacements de sous-por-
teuses.
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