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METHOD AND APPARATUS FOR SEMI-PERSISTENT SCHEDULING AND
CONFIGURED GRANT CONFIGURATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application
No. 62/881,266 filed on July 31, 2019, entitled “"Method and Apparatus for
Semi-Persistent Scheduling and Configured Grant Configurations”, and to U.S.
Patent Application Serial No. 16/937,551, filed on July 23, 2020, entitled “"Method
and Apparatus for Semi-Persistent Scheduling and Configured Grant
Configurations”, the contents of which are incorporated by reference herein in their

entirety.

FIELD

[0002] The present disclosure relates to methods and apparatuses for

semi-persistent scheduling (SPS) and configured grant (CG) configurations.

BACKGROUND

[0003] In some wireless communication systems, a user equipment (UE)
wirelessly communicates with a base station to send electronic signals to the base
station or to receive electronic signals from the base station. The electronic signals
may contain data or messages. A wireless communication from a UE to a base
station is referred to as an uplink communication or uplink transmission. A wireless
communication from a base station to a UE is referred to as a downlink

communication or downlink transmission.

[0004] Resources are required to perform uplink and downlink
communications. For example, a UE may wirelessly transmit data to a base station
in an uplink transmission at a particular frequency, or during a particular slot in
time. The frequency and time slot used are examples of resources (sometimes

referred to as time-frequency resources).

[0005] Some wireless communication systems may support grant-based
uplink transmissions. That is, if a UE wants to transmit data to a base station, the
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UE first requests the appropriate uplink resources from the base station. Once the
base station has granted the requested uplink resources, the UE sends the uplink
transmission using the granted uplink resources. An example of uplink resources
that may be granted by the base station is a set of time-frequency locations in an
uplink orthogonal frequency-division multiple access (OFDMA) frame.

[0006] Some wireless communication systems may support configured grant
(CG) uplink transmissions. That is, a UE may send uplink transmissions using
certain uplink resources possibly shared with other UEs, without specifically
requesting use of the resources and without specifically being granted the
resources by the base station. A configured grant uplink transmission does not
need a dynamic and explicit scheduling grant from the base station. A configured

grant transmission is also sometimes known as a grant-free (GF) transmission.

[0007] A configured grant uplink transmission may be configured by radio
resource control (RRC) signaling messages. The RRC signaling message may
include one or more parameters, including one or more sets of parameters, for one

or more UEs in order to pre-configure a configured grant uplink transmission.

[0008] Emerging 5G (e.g., New Radio or "NR") technology may be adapted
for Ultra-Reliable Low Latency Communication (URLLC) and massive Machine Type
Communications (mMTC). For example, factory automation involving a large
number of UEs per cell generally demands a combination of high reliability and low
latency, i.e. URLLC, which relies on technologies specified in the 3rd Generation
Partnership Project Technical Specification (3GPP TS) 38.331, and 3GPP TS38.321.
In addition, Uplink (UL) configured grant (CG) transmission is specified in 3GPP TS
38.331 Release 15 ("R15") and referred to as configured grant type 1. UL SPS
transmission is also specified in R15 and referred to as configured grant type 2.

[0009] Vehicle to everything (V2X) refers to a category of communications
scenarios (along with their corresponding technical challenges), including
communication between a vehicle and another vehicle (V2V), vehicle to
infrastructure (V2I), vehicle to pedestrian (V2P), and many other scenarios. In a
V2X scenario, the transmission can be done through a link between the network
and a UE, such as uplink (UL) and downlink (DL), or a sidelink (SL) between one UE
and another UE. UE cooperation can be used to enhance the reliability, throughput,

and capacity of V2X communications, as well as next generation wireless
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communications in general. SPS transmissions and CG transmissions may take
place over a sidelink, for example between two UEs. Channel conditions and other
parameters may change over time, more quickly than they are updated by RRC
signaling, potentially causing a loss of efficiency due to the use of outdated
configurations. However, signaling to dynamically update CG parameters can
consume valuable bandwidth resources and may result in inefficient resource
usage or loss of reliability, within the interval between configuration signaling, so

improvements are desired.

SUMMARY

[0010] Example embodiments of the present disclosure provide a method
and apparatus for communication between a communication device, such an
access point or a wireless transmitting station, and multiple wireless receiving

stations or devices.

[0011] In one aspect, a method for semi-persistent scheduling (SPS) and
configured grant (CG) transmission parameters is provided. The method, which is
performed by a communication device, includes the steps of: transmitting, to a
user equipment (UE), a radio resource control (RRC) signal or activation downlink
control information (DCI) signal for semi-persistent scheduling (SPS) or configured
grant (CG) transmission configuration; and transmitting, to the UE, a physical
layer control signal including an indication of one or more parameters for SPS or
CG transmission. A high spectral efficiency may be achieved by including a limited
number of parameters in this physical layer control signal, similar to the spectral
efficiency achieved by dynamic scheduling grant, but without drawbacks caused by
UE-specific DCI overhead and physical downlink control channel (PDCCH) blocking

that are often encountered with dynamic-scheduling grant.

[0012] Optionally, in any of the previous aspects, the one or more
parameters include at least one of a modulation and coding scheme (MCS), a time
resource allocation, and a frequency resource allocation. In these embodiments,
because other parameters, such as virtual resource block-to-physical resource
block (VRB to PRB) mapping, PRB bundling size indicator, and rate matching
indictor, that are not strongly affected by variance in the underlying wireless

channel, have been already transmitted via the previous RRC or DCI signal, the
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payload size of the message in the physical layer control signal, which can be a
group DCI message, is small compared to the typical DCI signal sent in a SPS
transmission in 3GPP TS 38.331 Release 15 ("R15") or 3GPP TS 38.331 Release 16
("R16").

[0013] Optionally, in any of the previous aspects, at least one of the RRC
signal and the activation DCI signal, and the physical layer control signal are used
by the UE to decode a message sent in a physical downlink shared channel (PDSCH)

or to transmit a message through a physical uplink shared channel (PUSCH).

[0014] Optionally, in any of the previous aspects, the RRC signal includes a
downlink (DL) semi-persistent scheduling (SPS) configuration information element

(IE).

[0015] Optionally, in any of the previous aspects, the RRC signal includes an
uplink (UL) configured grant (CG) IE.

[0016] Optionally, in any of the previous aspects, the physical layer control
signal includes a CRC portion that is scrambled with a Configured Scheduling
(CS)-Radio Network Temporary Identifier (RNTI) or an RNTI specifically for the

physical layer control signal.

[0017] Optionally, in any of the previous aspects, the physical layer control

signal is transmitted in group-common physical resources.

[0018] Optionally, in any of the previous aspects, the physical layer control
signal includes a plurality of blocks, where each of the plurality of blocks
corresponds to a respective UE from a plurality of UEs, and includes a respective
indication for at least one parameter for the respective UE, or at least one

indication that indicates a plurality of parameters for the respective UE.

[0019] Optionally, in any of the previous aspects, a block from the plurality of
blocks includes X number of bits, where X is 1, 2 or 3.

[0020] Optionally, in any of the previous aspects, the size of a block, e.g., the
number of bits, can be determined by a total number of parameters configured in
the RRC signal or the activation DCI signal for the respective UE.

[0021] Optionally, in any of the previous aspects, the one or more
parameters include at least one of the following parameters: time domain resource

allocation, number of antenna ports, DeModulation Reference Signal (DMRS)
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sequence initialization, CSI request, downlink power offset, and transport block
size (TBS), transmit power control (TPC) command for scheduled PUSCH,
precoding information, a number of layers, number of antenna ports, a time offset

for transmission opportunity.

[0022] Optionally, in any of the previous aspects, the RRC signal or the
activation DCI signal includes at least one of the following parameters: time
domain resource allocation, number of antenna ports, DeModulation Reference
Signal (DMRS) sequence initialization, CSI request, downlink power offset, and
transport block size (TBS).

[0023] Optionally, in any of the previous aspects, the RRC signal or
activation DCI signal further includes at least one of the following parameters: time
domain resource allocation, transmit power control (TPC) command for scheduled
PUSCH, precoding information, a number of layers, number of antenna ports, a
time offset for transmission opportunity.

[0024] Optionally, in any of the previous aspects, the indication for the one
or more parameters in the physical layer control signal includes an index of one set

from multiple sets of the one or more parameters.

[0025] Optionally, in any of the previous aspects, the indication for one or
more parameters includes an absolute value for at least one of the one or more

parameters.

[0026] Optionally, in any of the previous aspects, the indication for one or
more parameters includes an incremental or decrement value for at least one of

the one or more parameters.

[0027] In another aspect, a communication device is disclosed. The
communication device including: a transceiver for sending or receiving a SPS or CG
transmission; and a processing unit coupled to the transceiver, the processing unit
being configured to execute instructions to cause the communication device to

perform any one of the above mentioned methods.

[0028] Optionally, in any of the previous aspects, the communication device
is a base station.

[0029] Optionally, in any of the previous aspects, the communication device

is a user device.
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[0030] In yet another aspect, an electronic device (ED) is disclosed. The ED
includes: a transceiver for sending or receiving a wireless semi-persistent
scheduling (SPS) or configured grant (CG) transmission; and a processing unit
coupled to the transceiver, the processing unit being configured to execute
instructions to: receive a radio resource control (RRC) or activation DCI signal for
SPS or CG transmission configuration; receive a physical layer control signal
including an indication of one or more parameters for SPS or CG configuration; and
decode a message sent in a physical downlink shared channel (PDSCH), or
transmit a message through a physical uplink shared channel (PUSCH), based on
at least one of the RRC signal and the activation DCI signal and the physical layer

control signal.

[0031] Optionally, in any of the previous aspects, the one or more
parameters include at least one of a modulation and coding scheme (MCS) and a

frequency resource allocation.

[0032] Optionally, in any of the previous aspects, the RRC signal includes a
downlink (DL) semi-persistent scheduling (SPS) configuration information element

(IE).

[0033] Optionally, in any of the previous aspects, the RRC signal includes an
uplink (UL) configured grant (CG) IE.

[0034] Optionally, in any of the previous aspects, the physical layer control
signal includes a CRC portion that is scrambled with a Configured Scheduling
(CS)-Radio Network Temporary Identifier (RNTI) or an RNTI specifically for the

physical layer control signal.

[0035] Optionally, in any of the previous aspects, the physical layer control

signal is transmitted in group-common physical resources.

[0036] Optionally, in any of the previous aspects, the physical layer control
signal includes a plurality of blocks, where each of the plurality of blocks

corresponds to a respective UE from a plurality of UEs, and includes a respective
indication for each of the one or more parameters for the respective UE, or at least

one indication that indicates a plurality of parameters for the respective UE.

[0037] Optionally, in any of the previous aspects, the block has a size
determined by a total number of parameters configured in the RRC signal or the

activation DCI signal for the respective UE.



10

15

20

25

30

WO 2021/018299 PCT/CN2020/106385
-7 -

[0038] Optionally, in any of the previous aspects, the one or more
parameters include at least one of the following parameters: time domain resource
allocation, number of antenna ports, DeModulation Reference Signal (DMRS)
sequence initialization, CSI request, downlink power offset, and transport block
size (TBS), transmit power control (TPC) command for scheduled PUSCH,
precoding information, a number of layers, number of antenna ports, a time offset

for transmission opportunity.

[0039] Optionally, in any of the previous aspects, the RRC signal or the
activation DCI signal includes at least one of the following parameters: time
domain resource allocation, number of antenna ports, DeModulation Reference
Signal (DMRS) sequence initialization, CSI request, downlink power offset, and

transport block size (TBS).

[0040] Optionally, in any of the previous aspects, the RRC signal or
activation DCI signal includes at least one of the following parameters: time
domain resource allocation, transmit power control (TPC) command for scheduled
PUSCH, precoding information, a number of layers, number of antenna ports, a

time offset for transmission opportunity.

[0041] Optionally, in any of the previous aspects, the value for the one or
more parameters in the physical layer control signal includes an index of one set

from multiple sets of the one or more parameters.

[0042] Optionally, in any of the previous aspects, the value for one or more
parameters includes an absolute value for at least one of the one or more

parameters.

[0043] Optionally, in any of the previous aspects, the value for one or more
parameters includes an incremental or decrement value for at least one of the one

Oor more parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] Reference will now be made, by way of example, to the
accompanying drawings which show example embodiments of the present

application, and in which:

[0045] FIG. 1 is a schematic diagram of an example communication system

suitable for implementing examples described herein;
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[0046] FIGS. 2A and 2B are block diagrams showing an example electronic
device and an example base station, respectively, suitable for implementing
examples described herein;

[0047] FIG. 3 is a flowchart illustrating an example method performed by a
base station for a SPS or CG configuration in accordance with an example

embodiment; and

[0048] FIG. 4 is a flowchart illustrating an example method performed by a
user equipment for a SPS or CG configuration in accordance with an example

embodiment.

[0049] Similar reference numerals may have been used in different figures to

denote similar components.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0050] FIG. 1 illustrates an example communication system 100 in which
embodiments of the present disclosure could be implemented. In general, the
communication system 100 enables multiple wireless or wired elements to
communicate data and other content. The communication system 100 may enable
content (e.g., voice, data, video, or text) to be communicated (e.qg., via broadcast,
narrowcast, or user device to user device) among entities of the system 100. The

communication system 100 may operate by sharing resources such as bandwidth.

[0051] In this example, the communication system 100 includes user
devices (ED) 110a-110c (which may be generically referred to as ED 110), radio
access networks (RANs) 120a-120b (generically referred to as RAN 120), a core
network 130, a public switched telephone network (PSTN) 140, the internet 150,
and other networks 160. Although certain numbers of these components or
elements are shown in FIG. 1, any reasonable number of these components or

elements may be included in the communication system 100.

[0052] The EDs 110 are configured to operate, communicate, or both, in the
communication system 100. For example, the EDs 110 are configured to transmit,
receive, or both via wireless or wired communication channels. Each ED 110
represents any suitable end user device for wireless operation and may include

such devices (or may be referred to) as a user equipment or device (UE), a wireless
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transmitting or receiving unit (WTRU), a mobile station, a fixed or mobile
subscriber unit, a cellular telephone, a station (STA), a machine type
communication (MTC) device, a personal digital assistant (PDA), a smartphone, a
laptop, a computer, a tablet, a wireless sensor, or a consumer electronics device,

among other possibilities.

[0053] In FIG. 1, the RANs 120 include base stations (BS’s) 170a,170b
(which may be generically referred to as BS 170), respectively. Each BS 170a,
170b is configured to wirelessly interface with one or more of the EDs 110 to
enable access to any other BS 170, the core network 130, the PSTN 140, the
internet 150, or the other networks 160. For example, the BS 170s may include (or
be) one or more of several well-known devices, such as a base transceiver station
(BTS), a radio base station, a Node-B (NodeB), an evolved NodeB (eNodeB), a
Home eNodeB, a gNodeB (sometimes called a “gigabit” Node B or a "gNB"), a
transmission point (TP), a transmit and receive point (TRP), a site controller, an
access point (AP), or a wireless router, among other possibilities. Any ED 110 may
be alternatively or additionally configured to interface, access, or communicate
with any other BS 170, the internet 150, the core network 130, the PSTN 140, the
other networks 160, or any combination of the preceding. The communication
system 100 may include RANs, such as RAN 120b, where the corresponding

BS170b accesses the core network 130 via the internet 150, as shown.

[0054] The EDs 110 and BS’s 170a, 170b are examples of communication
equipment that can be configured to implement some or all of the functionality or
embodiments described herein. In the embodiment shown in FIG. 1, the BS 170a
forms part of the RAN 120a, which may include other BS’s, base station
controller(s) (BSC), radio network controller(s) (RNC), relay nodes, elements, or
devices. Any BS 170a, 170b may be a single element, as shown, or multiple
elements, distributed in the corresponding RAN, or otherwise. Also, the BS 170b
forms part of the RAN 120b, which may include other BS’s, elements, or devices.
Each BS 170a, 170b transmits or receives wireless signals within a particular
geographic region or area, sometimes referred to as a “cell” or “coverage area”. A
cell may be further divided into cell sectors, and a BS 170a, 170b may, for example,
employ multiple transceivers to provide service to multiple sectors. In some
embodiments, there may be established pico or femto cells where the radio access
technology supports such. In some embodiments, multiple transceivers could be
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used for each cell, for example using multiple-input multiple-output (MIMO)
technology. The number of RANs 120 shown is exemplary only. Any number of
RANs may be contemplated when devising the communication system 100.

[0055] The BS’s 170a, 170b communicate with one or more of the EDs 110
over one or more air interfaces 190 using wireless communication links (e.g. radio
frequency (RF), microwave, or infrared). The air interfaces 190 may utilize any
suitable radio access technology. For example, the communication system 100
may implement one or more channel access methods, such as code division
multiple access (CDMA), time division multiple access (TDMA), frequency division
multiple access (FDMA), orthogonal FDMA (OFDMA), or single-carrier FDMA
(SC-FDMA) in the air interfaces 190.

[0056] A BS 170a, 170b may implement Universal Mobile
Telecommunication System (UMTS) Terrestrial Radio Access (UTRA) to establish
an air interface 190 using wideband CDMA (WCDMA). In doing so, the BS 1703,
170b may implement protocols such as HSPA, HSPA+ optionally including HSDPA,
HSUPA or both. Alternatively, BS 170a, 170b may establish an air interface 190
with Evolved UTMS Terrestrial Radio Access (E-UTRA) using LTE, LTE-A, or LTE-B.
It is contemplated that the communication system 100 may use multiple channel
access functionality, including such schemes as described above. Other radio
technologies for implementing air interfaces include IEEE 802.11, 802.15, 802.16,
CDMA2000, CDMA2000 1X, CDMA2000 EV-DO, 1S-2000, IS-95, 1S-856, GSM,
EDGE, and GERAN. Of course, other multiple access schemes and wireless

protocols may be utilized.

[0057] The RANs 120 are in communication with the core network 130 to
provide the EDs 110 with various services such as voice, data, and other services.
The RANs 120 or the core network 130 may be in direct or indirect communication
with one or more other RANs (not shown), which may or may not be directly served
by core network 130, and may or may not employ the same radio access
technology as RAN 120a, RAN 120b or both. The core network 130 may also serve
as a gateway access between (i) the RANs 120 or EDs 110 or both, and (ii) other
networks (such as the PSTN 140, the internet 150, and the other networks 160). In
addition, some or all of the EDs 110 may include functionality for communicating
with different wireless networks over different wireless links using different

wireless technologies or protocols. Instead of wireless communication (or in
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addition thereto), the EDs 110 may communicate via wired communication
channels to a service provider or switch (not shown), and to the internet 150.
PSTN 140 may include circuit switched telephone networks for providing plain old
telephone service (POTS). Internet 150 may include a network of computers and
subnets (intranets) or both, and incorporate protocols, such as IP, TCP, UDP. EDs
110 may be multimode devices capable of operation according to multiple radio
access technologies, and incorporate multiple transceivers necessary to support
such.

[0058] FIGS. 2A and 2B illustrate example devices that may implement the
methods and teachings according to this disclosure. In particular, FIG. 2A
illustrates an example ED 110, and FIG. 2B illustrates an example base station
170. These components could be used in the communication system 100 or in any

other suitable system.

[0059] As shown in FIG. 2A, the ED 110 includes at least one processing unit
200. The processing unit 200 implements various processing operations of the ED
110. For example, the processing unit 200 could perform signal coding, data
processing, power control, input or output processing, or any other functionality
enabling the ED 110 to operate in the communication system 100. The processing
unit 200 may also be configured to implement some or all of the functionality or
embodiments described in more detail above. Each processing unit 200 includes
any suitable processing or computing device configured to perform one or more
operations. Each processing unit 200 could, for example, include a microprocessor,
microcontroller, digital signal processor, field programmable gate array, or

application specific integrated circuit.

[0060] The ED 110 also includes at least one transceiver 202. The
transceiver 202 is configured to modulate data or other content for transmission by
at least one antenna or Network Interface Controller (NIC) 204. The transceiver
202 is also configured to demodulate data or other content received by the at least
one antenna 204. Each transceiver 202 includes any suitable structure for
generating signals for wireless or wired transmission or processing signals received
wirelessly or by wire. Each antenna 204 includes any suitable structure for
transmitting or receiving wireless or wired signals. One or multiple transceivers
202 could be used in the ED 110. One or multiple antennas 204 could be used in
the ED 110. In some examples, one or more antennas 204 may be an array
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antenna 204, which may be used to perform beamforming and beam steering
operations. Although shown as a single functional unit, a transceiver 202 could also
be implemented using at least one transmitter and at least one separate receiver.

[0061] The ED 110 further includes one or more input or output devices 206
or input or output interfaces (such as a wired interface to the internet 150). The
input or output device(s) 206 permit interaction with a user or other devices in the
network. Each input or output device 206 includes any suitable structure for
providing information to or receiving information from a user, such as a speaker,
microphone, keypad, keyboard, display, or touchscreen, including network

interface communications.

[0062] In addition, the ED 110 includes at least one memory 208. The
memory 208 stores instructions and data used, generated, or collected by the ED
110. For example, the memory 208 could store software instructions or modules
configured to implement some or all of the functionality or embodiments described
herein and that are executed by the processing unit(s) 200. Each memory 208
includes any suitable volatile or non-volatile storage and retrieval device(s). Any
suitable type of memory may be used, such as random access memory (RAM),
read only memory (ROM), hard disk, optical disc, subscriber identity module (SIM)
card, memory stick, secure digital (SD) memory card, and the like.

[0063] As shown in FIG. 2B, the base station 170 includes at least one
processing unit 250, at least one transmitter 252, at least one receiver 254, one or
more antennas 256, at least one memory 258, and one or more input or output
interfaces 266. A scheduler 253 may be coupled to the processing unit 250. The
scheduler 253 may be included within or operated separately from the base station
170. The processing unit 250 implements various processing operations of the
base station 170, such as signal coding, data processing, power control, input or
output processing, or any other functionality. The processing unit 250 can also be
configured to implement some or all of the functionality or embodiments described
herein. Each processing unit 250 includes any suitable processing or computing
device configured to perform one or more operations. Each processing unit 250
could, for example, include a microprocessor, microcontroller, digital signal

processor, field programmable gate array, or application specific integrated circuit.
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[0064] Each transmitter 252 includes any suitable structure for generating
signals for wireless or wired transmission to one or more EDs 110 or other devices.
Each receiver 254 includes any suitable structure for processing signals received
wirelessly or by wire from one or more EDs 110 or other devices. Although shown
as separate components, at least one transmitter 252 and at least one receiver 254
could be combined into a transceiver. Each antenna 256 includes any suitable
structure for transmitting or receiving wireless or wired signals. Although a
common antenna 256 is shown here as being coupled to both the transmitter 252
and the receiver 254, one or more antennas 256 could be coupled to the
transmitter(s) 252, and one or more separate antennas 256 could be coupled to
the receiver(s) 254. In some examples, one or more antennas 256 may be an
array antenna, which may be used for beamforming and beam steering operations.
Each memory 258 includes any suitable volatile or non-volatile storage and
retrieval device(s) such as those described above in connection to the ED 110. The
memory 258 stores instructions and data used, generated, or collected by the base
station 170. For example, the memory 258 could store software instructions or
modules configured to implement some or all of the functionality or embodiments

described herein and that are executed by the processing unit(s) 250.

[0065] Each input or output interface 266 permits interaction with a user or
other devices in the network. Each input or output interface 266 includes any
suitable structure for providing information to, or receiving information from a user,

including network interface communications.

[0066] Referring back to FIG. 1, in an example, the ED 110 sends a
communication to the BS 170 over the air interface 190, in a CG uplink (UL)
transmission. Generally speaking, based on standards described in 3GPP
TS38.331, the information element (IE) ConfiguredGrantConfig is used to
configure uplink transmission without dynamic grant under one of two schemes.
The actual uplink transmission may either be configured via RRC (CG type 1) or
provided by both DCI and RRC signaling (CG type 2). In the case of CG type 2, the
DCI scrambled by Configured Scheduling (CS)-Radio Network Temporary Identifier
(RNTI) is sent through physical downlink control channel (PDCCH). If DCI is used
to transmit one or more CG communication parameters and indicate that the ED
may perform uplink CG transmissions, the DCI is known as an activation DCI
signal.
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[0067] A CG UL transmission is an UL transmission (i.e., in the direction from
the ED 110 to the BS 170) that is sent using UL resources configured by RRC
signaling or by transmitting physical layer control information, such as activation
DCI, tothe ED 110 by the BS 170. A CG UL transmission does not need a dynamic
and explicit scheduling grant from the BS 170. In some examples, the BS 170 may
similarly send a SPS downlink (DL) transmission to the ED 110 over the air
interface 190. A SPS DL transmission is a DL transmission (i.e., in the direction
from the BS 170 to the ED 110) that is sent using resources for each transmission
that are not explicitly scheduled using dynamic signaling. Because CG does not use
dynamic scheduling, some communication parameters such as MCS and frequency
resource allocation are configured by RRC, unlike in grant-based communications.
It is contemplated that the embodiments disclosed herein may be used in sidelink
communication, in which case the RRC signaling would be sent from one ED to one
or more other EDs, and the physical layer control information would be sent from
one ED to one or more other EDs using sidelink control information (SCI) in a
physical sidelink control channel (PSCCH).

[0068] CG transmissions are sometimes referred to as “grant-less

[\

transmissions”,

[\

schedule free transmissions”, “schedule-less transmissions”, or
“configured grant transmissions” (in the sense that the resources used for each
transmission are semi-statically configured or indicated by scheduling activation
PDCCH but not dynamically scheduled).

[0069] In a CG UL transmission, different EDs 110 may send UL
transmissions using UL time-frequency resources shared by the EDs 110, without
specifically requesting use of the resources and without dynamic signaling from BS
170. In some cases, more than one ED 110 may be allocated the same designated
resources for CG UL transmissions, in which case the CG UL transmissions are
contention-based transmissions, because the possibility exists for more than one
UEs to contend for use of the same resource. CG UL transmissions may be suitable
for transmitting bursty traffic with short packets from the ED 110 to the BS 170, or
for transmitting data to the BS 170 in real-time or with low-latency, such as in the
case of Ultra-Reliable Low Latency Communication (URLLC). An advantage of CG
transmission is low latency resulting from not having to request and receive a
dynamic grant for an allocated time slot from the BS 170. Furthermore, in a CG
transmission, the scheduling overhead may be reduced.
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[0070] The UL resources on which CG UL transmissions are sent may be
referred to as “"CG UL resources”. The resources that may be used by the EDs 110
for CG UL transmission may be preconfigured, for example via using semi-static
signaling, such as by radio resource control (RRC) signaling. The CG UL resources
may be static or may be configured semi-statically. Semi-statically configured
communication is sometimes referred to as SPS. A SPS configuration means the
configuration is updated or changed on a relatively long time period, such as once
in many frames or updated only as needed. A semi-static configuration differs from
a dynamic configuration in that a semi-static configuration does not get updated or
changed as often as a dynamic configuration. For example, a dynamic
configuration may be updated or changed every subframe or slot, or every few
subframes or slots (e.g., using dynamic signaling, such as downlink control
information (DCI) signals), and a semi-static configuration may be updated or

changed once every several frames, once every few seconds, or only if needed.

[0071] The EDs 110 may process and use the designated set of resources
specified in the RRC or DCI signal to send their CG UL transmissions, but the BS
170 does not know which of the EDs 110, if any, are going to send a CG UL

transmission, and using which of the designated resources.

[0072] To support CG transmissions, the associated resources configured for
an ED 110 or a group of EDs 110 can include any, some or all of the following,
including combinations thereof: frequency resources, time resources, reference
signal (RS) or RS configuration, hopping parameters, hybrid automatic repeat
request (HARQ) process IDs, modulation and coding schemes (MCSs), number of
GF transmission repetitions, power control parameters, and other parameters,
such as information associated with general grant-based data and control

transmissions.

[0073] In an example, a physical resource block (PRB) scheme is provided by
the RRC or DCI signaling. The PRB scheme may indicate a physical starting
frequency resource block (RB) and size of the RB.

[0074] In another example, the RRC or DCI signaling may include time
resources including starting or ending position of a data transmission time interval.

Time resources can be one symbol, mini-slot, or slot.
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[0075] In yet another example, each ED 110 can be configured with one or
more reference signals (e.g. demodulation reference signals (DMRSs)) depending
on scenarios involved. For a group of EDs 110, each ED 110 may or may not have

a different RS or have a different set of RSs.

[0076] In one example, one or more hopping parameters specific to an ED
110 or group of EDs 110, which may include a hopping pattern cycle period (e.g.,
defined by a time period or by a number of hopping times), can be included in the
RRC or DCI signaling. Other parameters in the CG UL transmissions may include a
hopping pattern index or indices. Each ED 110 may have one or more hopping

pattern indices.

[0077] In another example, the RRC or DCI signaling may include one or
more hybrid automatic repeat request (HARQ) process IDs per ED 110.

[0078] In yet another example, the RRC or DCI signaling may include one or
more modulation and coding schemes (MCSs) per ED 110. The ED 110 can indicate

explicitly or implicitly which MCS to use for a CG transmission.

[0079] In one example, the RRC or DCI signaling may include a number of GF
transmission repetitions, which may be represented by K. One or more K values
can be configured for an ED 110. Which K value to use may depend on, for example,

channel conditions, service types, and so on.

[0080] In another example, the RRC or DCI signaling may include power
control parameters, including power ramping step size (e.g., for an ED 110).

[0081] Referring again to FIG. 1, in some embodiments, an ED 110 may
operate in grant-based transmission mode and may have dedicated resources for
making a contention-free scheduling request. When the scheduling request is
received by the BS 170, the BS 170 transmits a grant to the ED 110 that grants
uplink resources for the ED 110 to transmit data via a grant-based uplink
transmission. In some embodiments, an ED 110 may send a contention-based
scheduling request, e.g. as a configured grant uplink transmission, as described
above. When the contention-based scheduling request is received by the BS 170,
the BS 170 transmits a grant to the ED 110 that grants uplink resources for the ED
110 to transmit data via a grant-based uplink transmission. Alternatively, in some
embodiments, an ED 110 may send a configured grant uplink data transmission to

the BS 170, via PUSCH. In response, the BS 170 may grant to uplink resources for
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the ED 110 to transmit additional data via a grant-based uplink transmission. The
additional data may be a retransmission of the data in the configured grant uplink
message. Alternatively, the additional data may be or include new data that the ED
110 has to transmit to BS 170, in which case the configured grant uplink
transmission may include a buffer status report (BSR) indicating that the ED 110
has additional data to send.

[0082] In all of the different scenarios discussed in the paragraph above, the
BS 170 sends a grant to the ED 110. In some embodiments, the grant may be a
semi-persistent grant in the case of semi-persistent scheduling (SPS). A
semi-persistent grant is a grant that schedules more than one transmission, e.g. a
pattern of transmissions. As an example, a semi-persistent grant may grant a
particular resource hopping pattern or particular reference signal hopping pattern
for a set time or interval, or until the ED 110 receives further signaling. Generally
speaking, SPS can be configured or re-configured by an RRC signal at any time
using a SPS configuration message SPS-Config. SPS-Config may be referred to as
an information element (IE) and includes the configuration for
semiPersistSchedC-RNTI (sps-CRNTI), sps-ConfigDL and sps-ConfigUL. SPS can
be configured in either or both UL and DL directions. In some embodiments, after
configuration, SPS needs to be activated (e.g. via a subsequent DCI signal) by BS

170 for the ED 110 to start using SPS grants and assignments.

[0083] Under NR Release 15 (as specified in 3GPP TS38.331, and 3GPP
TS38.321), the SPS-Config information element is used to configure downlink
semi-persistent transmission. A BS 170 may, via RRC signaling, transmit one or
more selected parameters in a SPS configuration message (e.g. SPS-config
information element) for each SPS configuration, or in a Configured Grant (CG)
message (e.g. ConfiguredGrantConfig information element) for each UL CG
configuration. The selected parameters are generally related to the wireless
channel. For example, when configured grant resource configurations are
configured for an ED 110 via RRC signaling only (type 1) or by RRC plus physical
layer control signaling such as DCI (type 2), the configuration information is
provided by activation DCI sent through physical downlink control channel
(PDCCH). Each CG resource configuration may have different parameter values.

Each CG resource configuration may include a unique resource configuration index
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for the ED 110 in a cell or one network area with multiple cells. For example, each
CG resource configuration transmission can include an MCS or frequency resource

allocation.

[0084] There are several drawbacks with existing SPS or CG resource
configurations. For example, DL SPS in R15 or R16 typically needs a DCI sent
through PDCCH to activate SPS transmission. In a URLLC scenario, the DCI
overhead for large numbers of UEs (e.g. 100 or more) can be significant. As shown
by a simulation, the number of control channel elements (CCEs) for each DCI is at
least 4-8, which translate to 24-48 resource blocks (RBs) for DCI in NR. Moreover,
the scheduling decision and DCI transmission performed by a base station 170 in
the conventional approach cause latency for data transmission because the data
transmission is only transmitted after receiving the activation DCI signal. PDCCH
blocking may also occur when there are a large number of activation DCI signals on
PDCCH, or a large number of DCI signals on PDCCH to schedule retransmissions of

previous CG transmission, that arrive at the same time for a group of UEs.

[0085] In addition, in the case of SPS grant or assignment within a wireless
channel that has highly dynamic characteristics, various channel parameters such
as MCS, time or frequency domain resource allocation, and spatial allocation in SPS
or CG may need to be updated dynamically based on channel conditions, which
means that the channel parameters may need to be updated more quickly than the
update schedule of a SPS configuration. This can lead to poor spectral efficiency.
In some conventional cases, multiple CG or SPS configurations with different MCS,
or different time and frequency resource domains may be reused to address the
mismatch between SPS grant or assignment and the dynamically variable wireless
channel, for example up to 8 or 12 configurations. However, it can increase
complexity and cause potential delay and errors if an ED 110 has to blindly detect
or decode potential data transmissions using multiple resource configurations even

if only one data transmission is transmitted in a particular time slot.

[0086] In some implementations, such as factory automation, nearly 100%
of UEs must meet the reliability and latency requirements, because even one or
two failures could result in significant costs or loss of productivity. The
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performance of multiple UEs per cell has been evaluated in a simulation. The table
below shows the ratio of UEs satisfying 1 ms latency and 99.9999% reliability.

10 UE per cell | 20 UEs per cell 40 UEs per cell

DL/GB | 96.7% 98% 74%

UL/CG | 90.8% 68% 41%

[0087] The performance of multiple UEs in a cell may be improved if the MCS,
time domain resource allocation, and frequency domain resource allocation can be
determined and adapted dynamically by the UEs based on the changing
characteristics of their own wireless channel. In addition, even though dynamic
scheduling can better capture the wireless channel characteristics and support
more UEs, UE-specific dynamic grant or assignment requires higher DCI overhead
and occupies DL resources which can be otherwise used for data transmission.

[0088] In some embodiments, considering a group DCI reliability
requirement and overhead, a DCI payload size of the group DCI should be set to be
less than a certain value. For example, the DCI payload size may be set to 40 bits
not including CRC bits. However in at least some cases, 40 bits are not enough for
all the resource parameters that would need to be configured, and it is difficult to
update all the parameters in any one of DCI formats 0-1, 1-1, 0-0, 1-1 for data

transmission in one DCI with limited payload size for a group of UEs.

[0089] FIG. 3 is a flowchart illustrating an example method 300 performed
by a communication device to achieve a SPS or CG resource configuration. The
communication device may be a BS 170 in some embodiments. In other
embodiments, the communication device may be an ED 110 in a sidelink control

communication scenario.

[0090] At 302, the communication device transmits a radio resource control
(RRC) or DCI signal including one or more parameters for transmission
configuration. In some embodiments, the one or more parameters may include at
least one of: a modulation and coding scheme (MCS) and a frequency resource

allocation. The MCS value may be sent in @ modulation and coding scheme field
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(Imcs) in the RRC or DCI signal to determine a modulation order (Qm) and target

code rate (R) based on a predefined table.

[0091] At 304, the communication device transmits, through a physical layer
channel, a physical layer control signal including a value for one or more parameter
for transmission configuration. The physical layer control signal can be carried in
a DCI signal or a sidelink control information (SCI) signal.

[0092] In some embodiments, the one or more parameters in the physical
layer control signal includes at least one of: the modulation and coding scheme
(MCS) and the frequency resource allocation.

[0093] In some embodiments, the communication device transmits the
physical layer control signal via a physical layer channel such as PDCCH or PUCCH,
the control signal may include indication of one or more parameters which may be
updated for SPS or CG configuration. When the total number of the one or more
parameters included in the physical layer control signal is relatively small (e.g.,
only 2 or 3 parameters), the overall size of the message carried by the physical
layer control signal can be small enough that a high spectral efficiency may be
achieved, similar to the spectral efficiency achieved by dynamic scheduling grant,
but without drawbacks caused by UE-specific DCI overhead and physical downlink
control channel (PDCCH) blocking that are often encountered with
dynamic-scheduling grant.

[0094] In some embodiments, the indication of one or more parameters
includes index of one or more values configured for one or more parameters in the
RRC signal. For example, one or more MCS may be assigned an index and included
in the physical layer control signal, and when only 4 indices are included (e.g. index
of 0-3), only 2 bits are required to indicate the MCS, which saves signaling
overhead compared to the 5 bits required to indicate one of 32 values.

[0095] In some embodiments, the indication of one or more updated

parameters includes a respective value for at least one of one or more parameters.

[0096] In some embodiments, the one or more parameters in the physical
layer control signal include at least one of the following parameters: time domain
resource allocation, number of antenna ports, DeModulation Reference Signal
(DMRS) sequence initialization, CSI request, downlink power offset, and transport
block size (TBS), transmit power control (TPC) command for scheduled PUSCH,
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precoding information, a number of layers, number of antenna ports, a time offset

for transmission opportunity.

[0097] Using the RRC signal, and the DCI signal in the case of CG type 2, as
well as the control information via the physical layer for the one or more
parameters, an ED 110 such as a UE can decode a message sent in a physical
downlink shared channel (PDSCH) or transmit a message through a physical uplink
shared channel (PUSCH). In this case, because other parameters, such as virtual
resource block-to-physical resource block (VRB to PRB) mapping, PRB bundling
size indicator, and rate matching indictor, that are not strongly affected by
variance in the underlying wireless channel are already transmitted via a previous
RRC signal, the payload size of the subsequent DCI message, which can be a group
DCI message, is thereby small or reduced.

[0098] In some embodiments, the physical layer control signal includes a
CRC portion that is scrambled with a Configured Scheduling (CS)-Radio Network
Temporary Identifier (RNTI) or an RNTI specifically for the physical layer control
signal. For example, the RNTI may be one of Transmit Power Control-PUCCH -
RNTI (TPC-PUSCH-RNTI), Transmit Power Control-PUSCH - RNTI
(TPC-PUCCH-RNTI), Transmit Power Control-Sounding Reference Symbols — RNTI
(TPC-SRS-RNTI), or Semi-Persistent CSI RNTI. Generally speaking, Transmit
Power Control RNTI (TPC RNTI) is used for uplink power control purpose. TPC RNTI
may be TPC-PUSCH-RNTI, TPC-PUCCH-RNTI or TPC-SRS-RNTI. Normally TPC RNTI
is assigned to a group of UEs. The base station 170 may configure the UE with
TPC-PUSCH-RNTI, TPC-PUCCH-RNTI and TPC-SRS-RNTI via higher layer signaling
(e.g., RRC). A RNTI can be a 16-bit identifier, and may have a specific value or a
range depending on the type of RNTI. Each RNTI and its corresponding value or
range may be found in 3GPP TS38.321.

[0099] The DCI signal includes multiple blocks. Each block may correspond
to a respective UE in a group of UEs, and includes an indication of the updated
parameters for the respective UE. Alternatively, two or more blocks can
correspond to a single UE, if the UE is configured with multiple CG or SPS
configurations. A block can have a size of defined by X number of bits. X can be, in
some embodiments, determined by a total number of updated parameters for the
respective UE. For example, 1 bit of control information may include information

for up to two parameters, 2 bits of control information may include information for
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up to four parameters, 3 bits of control information may include information for up
to eight parameters, and so on. For example, there are two states (i.e., “"1” and “0")
represented by 1 bit of control information, the first state “1” can indicate a first

parameter, and the second state “"0” can indicate a second parameter.

[00100] In some embodiments, if the information carried in the physical layer
control signal is not received or decoded successfully by the UE, the UE can use
information from the transmitted parameters in the RRC or activation DCI signal to
decode a message sent in a physical downlink shared channel (PDSCH) or to

transmit a message through a physical uplink shared channel (PUSCH).

[00101] In some embodiments, the physical layer control signal is transmitted

in group-common physical resources, such as in a group-common PDCCH.

[00102] In some embodiments, the physical layer control signal includes a
plurality of blocks, where each of the plurality of blocks corresponds to a respective
UE and includes a respective indication for each of the one or more parameters for

the respective UE.

[00103] In some embodiments, a block in the plurality of blocks has a size of
X bits, where X can be determined by a total number of parameters configured in
the RRC signal or the activation DCI signal for the respective UE. For example, 1
bit of control information may include information for up to two parameters, 2 bits
of control information may include information for up to four parameters, 3 bits of
control information may include information for up to eight parameters, and so on.
For example, there are two states (i.e., “"1” and “0”) represented by 1 bit of control
information, the first state “"1” can indicate a first parameter, and the second state

"0” can indicate a second parameter.

[00104] In some embodiments, the RRC signal includes a downlink (DL)
semi-persistent scheduling (SPS) or CG configuration information element (IE).
The RRC signal or physical control signal may further include information regarding
at least one of the following parameters: time domain resource allocation, number
of antenna ports, DeModulation Reference Signal (DMRS) sequence initialization,

CSI request, downlink power offset, and transport block size (TBS).

[00105] MCS, available time and frequency domain resources, and the
number of layers for transmission are used to determine the TBS. Therefore, if a

TBS is fixed, and MCS are updated, then at least one of: time domain resource
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allocation, frequency domain resource allocation, and the number of layers may be

updated accordingly.

[00106] For example, the table below shows index numbers and

corresponding example TBS values for when TBS is less than or equal to 3824.

Index TBS de TBS Inde TBS Index TBS
1 24 1 336 1 1288 91 3624
32 4 352 2 1320 92 3752
40 3 368 3 1352 93 3824
4 48 4 3384 4 1416
5 56 3 408 1480
64 432 1544
7 72 7 456 7 1608
8 80 8 480 8 1672
9 88 9 504 9 1736
0 96 40 528 70 1800
i 104 4 552 7 1864
112 42 576 72 1928
120 4 608 ] 2024
128 4 640 74 2088
5 136 45 672 75 2152
144 4 704 76 2216
17 152 47 736 77 2280
3 160 48 768 78 2408
168 49 808 79 2472
176 ) 848 0 2536
184 8388 ’ 2600
Z 192 2 928 2 2664
23 208 z 984 3 2728
Z 224 1032 84 2792
25 240 55 1064 85 2856
26 256 56 1128 86 2976
2 272 1160 7 3104
28 288 8 1192 8 3240
9 304 9 1224 9 3368
0 320 60 1256 90 3496

[00107] In some embodiments, the RRC signal includes an uplink (UL)
configured grant (CG) IE. The RRC signal or DCI signal may further include
information regarding at least one of the following parameters: time domain
resource allocation, transmit power control (TPC) command for scheduled PUSCH,
precoding information, a number of layers, number of antenna ports, and a time

offset for transmission opportunity.

[00108] In some embodiments, the one or more parameters in the physical

layer control signal may include absolute values for the updated parameters, which
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can replace the values previously transmitted for the corresponding parameters in
the RRC or DCI signal. A new set of indexes may be assigned to a subset of
available values for MCS Index, as shown in the tables below.

Index MCS Index

Imcs
0 Integer A (0...31)
1 Integer B,(0...31)
2 Integer C,(0...31)
3 Integer D,(0...31)

[00109] To determine the modulation order, target code rate in the physical
downlink shared channel or PUSCH, a UE may first read the modulation and coding
scheme field (Incs) in the DCI or RRC signaling or physical control signaling to
determine a modulation order (Qm) and target code rate (R) based on a table,
which may be one of the following tables. In some embodiments, the UE may
determine the correct table to use, for example based on the information in the
RRC or activation DCI signal. In the above example, 4 of the 32 available MCS as
shown below are selected for use in an updated signal (which may be, for example,
an updated DCI signal or physical layer control signal), and are each assigned an
index from 0 to 3. As a result, only 2 bits are required to indicate the updated MCS,
which saves signaling overhead compared to the 5 bits required to indicate one of
32 values.
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MCS index table 1 for PDSCH

MK“S ndex dulali? er rarget code Rate R x [1024] S[_)e_ctral
Tucs I efficiency
0 2 120 0.2344
1 2 157 0.3066
2 2 193 0.3770
3 2 251 0.4902
4 2 308 0.6016
5 2 379 0.7402
6 2 449 0.8770
7 2 526 1.0273
8 2 602 1.1758
9 2 679 1.3262
10 4 340 1.3281
1 4 378 1.4766
12 4 434 1.6953
13 4 490 1.9141
14 4 553 2.1602
15 4 616 2.4063
16 4 658 2.5703
17 6 438 2.5664
18 6 466 2.7305
19 6 517 3.0293
20 6 567 3.3223
21 6 616 3.6094
22 6 666 3.9023
23 6 719 4.2129
24 6 772 4.5234
25 6 822 4.8164
26 6 873 51152
27 6 910 5.3320
28 6 948 5.5547
29 2 reserved
30 4 reserved
31 6 reserved
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MCS index table 2 for PDSCH

MC§ Index | Modula rder | _ arget code Rate R x [1024] S[_)e_ctral
Iues B efficiency
0 2 120 0.2344
1 2 193 0.3770
2 2 308 0.6016
3 2 449 0.8770
4 2 602 1.1758
5 4 378 1.4766
6 4 434 1.6953
7 4 490 1.9141
8 4 553 2.1602
9 4 616 2.4063
10 4 658 2.5703
1 6 466 2.7305
12 6 517 3.0293
13 6 567 3.3223
14 6 616 3.6094
15 6 666 3.9023
16 6 719 4.2129
17 6 772 4.5234
18 6 822 4.8164
19 6 873 51152
20 8 682.5 5.3320
21 8 711 5.5547
22 8 754 5.8906
23 8 797 6.2266
24 8 841 6.5703
25 8 885 6.9141
26 8 916.5 7.1602
27 8 948 7.4063
28 2 reserved
29 4 reserved
30 6 reserved
31 8 reserved
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MCS index table 3 for PDSCH and PUSCH

MC§ Index Modulat’ifm Orde arget code Rate R x [1024] S[_)e_ctral
vcs Qm efficiency
0 2 30 0.0586
1 2 40 0.0781
2 2 50 0.0977
3 2 64 0.1250
4 2 78 0.1523
5 2 99 0.1934
6 2 120 0.2344
7 2 157 0.3066
8 2 193 0.3770
9 2 251 0.4902
10 2 308 0.6016
1 2 379 0.7402
12 2 449 0.8770
13 2 526 1.0273
14 2 602 1.1758
15 4 340 1.3281
16 4 378 1.4766
17 4 434 1.6953
18 4 490 1.9141
19 4 553 2.1602
20 4 616 2.4063
21 6 438 2.5664
22 6 466 2.7305
23 6 517 3.0293
24 6 567 3.3223
25 6 616 3.6094
26 6 666 3.9023
27 6 719 4.2129
28 6 772 4.5234
29 2 reserved
30 4 reserved
31 6 reserved
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MCS index table for PUSCH with transform precoding and 64QAM

MCS dulatior arget code Rate R x Spectral
Index rde 4 efficiency

MCs dm

0 q 240/ q 0.2344
1 q 314/ q 0.3066
2 2 193 0.3770
3 2 251 0.4902
4 2 308 0.6016
5 2 379 0.7402
6 2 449 0.8770
7 2 526 1.0273
8 2 602 1.1758
9 2 679 1.3262
10 4 340 1.3281
11 4 378 1.4766
12 4 434 1.6953
13 4 490 1.9141
14 4 553 2.1602
15 4 616 2.4063
16 4 658 2.5703
17 6 466 2.7305
18 6 517 3.0293
19 6 567 33223
20 6 616 3.6094
21 6 666 3.9023
22 6 719 42129
23 6 772 45234
24 6 822 483164
25 6 873 5.1152
26 6 910 5.3320
27 6 948 5.5547
28 q reserved

29 2 reserved

30 4 reserved

31 6 reserved
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MCS index table 2 for PUSCH with transform precoding and 64QAM

MCS odulatio arget code Rate Spectral

ndex rde 4 efficiency

Ines m
0 q 60/g 0.0586
1 q 80/g 0.0781
2 q 100/g 0.0977
3 q 128/g 0.1250
4 q 156/g 0.1523
5 q 198/g 0.1934
6 2 120 0.2344
7 2 157 0.3066
8 2 193 0.3770
9 2 251 0.4902
10 2 308 0.6016
11 2 379 0.7402
12 2 449 0.8770
13 2 526 1.0273
14 2 602 1.1758
15 2 679 1.3262
16 4 378 1.4766
17 4 434 1.6953
18 4 490 1.9141
19 4 553 2.1602
20 4 616 2.4063
21 4 658 25703
22 4 699 2.7305
23 4 772 3.0156
24 6 567 3.3223
25 6 616 3.6094
26 6 666 3.9023
27 6 772 4.5234
28 q reserved
29 2 reserved
30 4 reserved
31 6 reserved

[00110] In some embodiments, the information regarding the updated set of
parameters in the physical layer control signal may include incremental values for
the updated parameters, such as a delta or offset value. The delta or offset values
can be used to calculate an absolute value by adding the incremental value to, or
subtracting it from, a previous value of the corresponding parameter as set in the
RRC signal, or by incrementing or decrementing the index value of the previously

used parameter.
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[00111] A set of indexes may be assigned to various combinations of
parameters (e.g., MCS, frequency domain resource allocation, time domain
resource allocation) as shown in the tables below. In some embodiments, two or
more rows in the table may share a common frequency allocation or a common

MCS, as long as the other parameter is different.

Index frequencyDomainAllocation | MCS

0 Bit string 1(size 18) Integer A,(0...31)
1 Bit string 2(size 18) Integer B,(0...31)
2 Bit string 3(size 18) Integer C,(0...31)
3 Bit string 4(size 18) Integer D,(0...31)
4 Bit string 5(size 18) Integer E,(0...31)
5 Bit string 6(size 18) Integer F,(0...31)
6 Bit string 7(size 18) Integer G,(0...31)
7 Bit string 8(size 18) Integer H,(0...31)
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[00112] In some cases, two or more table rows might share a common
frequency allocation or a common MCS, as long as the other parameter (e.g. MCS

or frequency allocation) is different.

[00113] In some embodiments, a UE may determine the resource block
assignment in frequency domain using the corresponding resource allocation field
in the detected PDCCH DCI or RRC signaling. There are two frequency resource

allocation types, as described below.

[00114] In uplink resource allocation of type 0, the resource block assignment
information includes a bitmap indicating the Resource Block Groups (RBGs) that
are allocated to the scheduled UE. An RBG is a set of consecutive virtual resource
blocks defined by higher layer parameter rbg-Size configured in pusch-Config and
the size of the bandwidth part as defined in Table 6.1.2.2.1-1.

Table 6.1.2.2.1-1: Nominal RBG size P

Carrier Bandwidth Part Configuration 1 Configuration 2
Size
1-36 2 4
37-72 4 8
73 -144 8 16
145 - 275 16 16

[00115] The total number of RBGs ( N, ) for a uplink bandwidth part i of size

Ngwpj PRBS is given by N ZIV(N;;VEPJ +(Ngl;/;§,i modP))/P—‘ where:

the size of the first RBG is RBG{™ =P - Ny, modP ;

the size of the last RBG is RBGi; =(N,§’§{,§§,,- +N,§"§§P,i)modP if

size

(Né%,,- +Npwp, )modP >0 and P otherwise; and

the size of all other RBG is P.

[00116] The bitmap is of size Nypg bits with one bitmap bit per RBG such that
each RBG is addressable. The RBGs can be indexed in the order of increasing

frequency of the bandwidth part and starting at the lowest frequency. The order of
RBG bitmap is such that RBG 0 to RBG Nyps —1 are mapped from MSB to LSB of the
bitmap. The RBG is allocated to the UE if the corresponding bit value in the bitmap
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is 1, the RBG is not allocated to the UE otherwise. Here, N, may be assumed to

have a value of 18, although it may be another value.

[00117] Bit string 1 (size 18), for example can be 111100001010110010,
5  which means that the first RBG, 2", 3™ 4% oth 11th 13 14" and 17" RBG are
allocated to the UE.

Index DMRS sequence MCS
initialization or
cycle shift
0 0 Integer A,(0...31)
1 1 Integer B,(0...31)

[00118] Regarding DMRS sequence initialization or cycle shift nep € {0,1} , the
quantity ngqp € {0,1} is indicated by signaling. DMRS sequence r#) may be

10 generated according to

r(n) = L(1—2 -¢(2n)) +jL(1—2 c(2n+1)).

V2 V2

where the pseudo-random sequence c(i) is defined as follows:

generic pseudo-random sequences are defined by a length-31 Gold sequence.
The output sequence c(n) of length My, wheren=0.1....Mp -1, is defined by

c(n) =(x,(n+No)+x,(n+N.))mod2
15 x,(n+31) = (x, (1 +3) + x, (7)) mod2
x,(n+3)= (xz(n+3)+x2(n+2)+x2(n+1)+x2(n))mod2

where N: = 1600 and the first m-sequence x;(») is initialized with

x(0)=1xn)=0n=12,.30. The initialization of the second m-sequence, x,(), is

30 ;
denoted by Cinit = Zizoxz(i)'z with the value depending on the application of
the sequence. The pseudo-random sequence generator is initialized with

20 .. = (2” (Voo + 1+ 1) (2N +1)+ 2N + gy )mod 2%
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where I is the OFDM symbol number within the slot, n/; is the slot number

within a frame, and

Nf, Ni € {0,1, ...,65535} are given by the higher-layer parameters
scramblingIDO and scramblingID1, respectively, in the DMRS-UplinkConfig 1E
if provided and the PUSCH is scheduled by DCI format O_1 or by a PUSCH

transmission with a configured grant;

N{, € {0,1, ...,65535} is given by the higher-layer parameter scramblingIDO in
the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI
format 0_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI;

CID — ell
ID ~+YID otherwise.

[00119] The bit width for this timeDomainAllocation can be determined as
[log,(I)] bits, where I is the number of entries in the higher layer parameter

pusch-TimeDomainAllocationList if the higher layer parameter is configured;
otherwise I is the number of entries in the default table. timeDomainAllocation as
indicated includes SLIV, where the starting symbol S /s relative to the start of the
slot, and the number of consecutive symbols L counting from the symbol S
allocated for the PUSCH are determined from the start and length indicator SLIV of

the indexed row:

if (L=1)<7 then
SLIV=14-(L-1)+S
else
SLIV=14-(14— L+1)+(14-1-5)
where0<L<14-5 .

[00120] The tables below shows example valid S and L combinations
associated with a PUSCH/PDSCH mapping type, as well as example values for

timeDomainAllocation, frequencyDomainAllocation, and MCS.

PUSCH/PDSCH Normal cyclic prefix Extended cyclic prefix
mapping type S L S+L S L S+L
Type A 0 {4,...,14} {4,...,14} 0 {4,...,12} {4,...12}

Type B . 13 [ {1, A8 (1.4 | .., {1,122 {,..12
11}
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Index timeDomainAllocation frequencyDomainAllocation MCS
1 SLIV1 Bit string 1(size 18) Delat 1
2 SLIV2 Bit string 2(size 18) Delta 2
3 SLIV3 Bit string 3(size 18) Delta 3
4 SLIV4 Bit string 4(size 18) Delta 4
Index frequencyDomainAllocation | MCS
1 Frequency offset 1 Delta 1
2 Frequency offset 2 Delta 2
3 Frequency offset 3 Delta 3
4 Frequency offset 4 Delta 4

[00121] In some embodiments, resource configuration may be performed for
DL SPS without DCI activation. In this case, at least one of the following existing
parameters in DCI formats 1_0 or 1_1 in R15 can be configured in an RRC signal:
frequency domain resource assignment, time domain resource assignment,
VRB-to-PRB mapping, PRB bundling size indicator, Rate matching indictor, MCS,
redundancy version, ZP CSI-RS trigger to trigger aperiodic ZP CSI-RS, Downlink
assignment index, SRS request, CBG transmission information (CBGTI), CBG

flushing out information (CBGFI), Antenna ports, DMRS sequence initialization.

[00122] In some embodiments, at least one of the following UL related
parameters may be configured in an RRC signal for DL SPS without DCI activation:
PDSCH-to-HARQ feedback timing indicator, TPC command for scheduled PUCCH,
and PUCCH resource indicator.
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[00123] Furthermore, parameters that are currently configured by RRC, e.g.
aggregationFactorDL (i.e. the number of repetitions) can be included in the same
RRC IE used to configure the DL SPS without DCI activation.

[00124] In some embodiments, at least one of the following parameters may
be configured in an RRC signal for DL SPS without DCI activation: periodicity,
new-RNTI, timedomainOffset, nrofHARQ-Processes and MCStable.

[00125] In some embodiments, a downlink power offset parameter may be
configured in an RRC signal for DL SPS without DCI activation. For example, the

downlink power offset parameter may use 1 bit, as defined in the table below:

Downlink power offset field 5p0wer_0ffset[dB]
0 -10l0g10(2)
1 0

[00126] Inclusion of a downlink power offset parameter in the RRC signal
allows resource sharing in DL, which can support more UEs using a non-orthogonal
multiple access (NoOMA), or Multiple User Superposition Transmission (MUST), or a
multi-user multiple-input, multiple-output (MIMO) scheme. Pre-defined paired UEs
and far UE information for interference cancellation reception at the near UE, e.g.
power allocation, MCS, DMRS, which can enable multiple UEs to share the same
time domain and frequency resources. Thus, low latency of each UE can be
achieved because UEs can transmit their data and do not need to wait until other
UEs finish their transmission for a given time slot. High spectrum efficiency of the

whole system can be achieved as well.

[00127] In some embodiments, some or all of the following parameters may
be configured in an RRC signal that includes a SPS resource configuration signal
such as the SPS-Config IE: frequency domain resource assignment, time domain
resource assignment, VRB-to-PRB mapping, PRB bundling size indicator, rate
matching indictor, MCS, redundancy version, ZP CSI-RS trigger to trigger aperiodic
ZP CSI-RS, Downlink assignment index, SRS request, CBG transmission
information (CBGTI), CBG flushing out information (CBGFI), antenna port(s),
DMRS sequence initialization, PDSCH-to-HARQ feedback timing indicator, TPC
command for scheduled PUCCH, PUCCH resource indicator, a number of repetitions,
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periodicity, whether HARQ ACK/NACK feedback or not, new-RNTI,
timedomainOffset, nrofHARQ-Processes, MCS table, downlink power offset, and
TBS.

[00128] In some embodiments, some or all of the following parameters may
be configured in an RRC signal that includes a SPS resource configuration signal
such as the SPS-Config IE: VRB-to-PRB mapping, PRB bundling size indicator, Rate
matching indictor, redundancy version, ZP CSI-RS trigger to trigger aperiodic ZP
CSI-RS, downlink assignment index, SRS request, CBG transmission information
(CBGTI), CBG flushing out information (CBGFI), DMRS sequence initialization,
PDSCH-to-HARQ feedback timing indicator, TPC command for scheduled PUCCH,
PUCCH resource indicator, a number of repetitions, periodicity, whether HARQ
ACK/NACK feedback or not, new-RNTI, timedomainOffset, nrofHARQ-Processes,
MCStable, downlink power offset, and TBS.

[00129] In alternative embodiments, parameters not included in the RRC
signal can be included in a physical layer control signaling, for example a group DCI

signal as described before. The group DCI signal can be an activation DCI signal.

[00130] In some embodiments, some or all of the following parameters may
be configured in an RRC signal that includes a SPS resource configuration signal
such as the SPS-Config 1E: VRB-to-PRB mapping, PRB bundling size indicator, rate
matching indictor, redundancy version, ZP CSI-RS trigger to trigger aperiodic ZP
CSI-RS, downlink assignment index, SRS request, CBG transmission information
(CBGTI), CBG flushing out information (CBGFI), antenna port(s), DMRS sequence
initialization, periodicity, new-RNTI, timedomainOffset, nrofHARQ-Processes,
MCStable, and TBS.

[00131] In alternative embodiments, parameters not included in the RRC
signal can be included in a physical layer control signaling, for example a group DCI

signal as described before or in a SPS PDSCH.

[00132] FIG. 4 is a flowchart illustrating an example method 400 performed
by an ED 110 such as a UE for a SPS or CG resource configuration in accordance

with an example embodiment.

[00133] At 402, the UE receives a radio resource control (RRC) or activation

DCI signal for SPS or CG transmission configuration.



10

15

20

25

30

WO 2021/018299 PCT/CN2020/106385
- 37 -

[00134] At 404, the UE receives, through a physical layer channel, a physical
layer control signal including a value for one or more parameters for transmission
configuration. The one or more parameters may include, for example, MCS or a

frequency resource allocation.

[00135] At 406, the UE decodes a message sent in a physical downlink shared
channel (PDSCH) or transmits a message through a physical uplink shared channel
(PUSCH) based on at least one of the RRC signal and the activation DCI signal, and

the one or more parameters in the physical layer control signal.

[00136] Although the present disclosure describes methods and processes
with steps in a certain order, one or more steps of the methods and processes may
be omitted or altered as appropriate. One or more steps may take place in an order
other than that in which they are described, as appropriate.

[00137] Although the present disclosure is described, at least in part, in terms
of methods, a person of ordinary skill in the art will understand that the present
disclosure is also directed to the various components for performing at least some
of the aspects and features of the described methods, be it by way of hardware
components, software or any combination of the two. Accordingly, the technical
solution of the present disclosure may be embodied in the form of a software
product. A suitable software product may be stored in a pre-recorded storage
device or other similar non-volatile or non-transitory computer readable medium,
including DVDs, CD-ROMs, USB flash disk, a removable hard disk, or other storage
media, for example. The software product includes instructions tangibly stored
thereon that enable a processing device (e.g., a personal computer, a server, or a
network device) to execute examples of the methods disclosed herein. The
machine-executable instructions may be in the form of code sequences,
configuration information, or other data, which, when executed, cause a machine
(e.g., a processor or other processing device) to perform steps in a method

according to examples of the present disclosure.

[00138] All values and sub-ranges within disclosed ranges are also disclosed.
Also, although the systems, devices and processes disclosed and shown herein
may comprise a specific number of elements/components, the systems, devices
and assemblies could be modified to include additional or fewer of such

elements/components. For example, although any of the elements/components
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disclosed may be referenced as being singular, the embodiments disclosed herein
could be modified to include a plurality of such elements/components. The subject
matter described herein intends to cover and embrace all suitable changes in
technology.

[00139] Although a combination of features is shown in the illustrated
embodiments, not all of them need to be combined to realize the benefits of
various embodiments of this disclosure. In other words, a system or method
designed according to an embodiment of this disclosure will not necessarily include
all of the features shown in any one of the Figures or all of the portions
schematically shown in the Figures. Moreover, selected features of one example
embodiment may be combined with selected features of other example

embodiments.

[00140] Although this disclosure has been described with reference to
illustrative embodiments, this description is not intended to be construed in a
limiting sense. Various modifications and combinations of the illustrative
embodiments, as well as other embodiments of the disclosure, will be apparent to
persons skilled in the art upon reference to the description. It is therefore intended

that the appended claims encompass any such modifications or embodiments.
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CLAIMS

1. A method performed by a communication device, the method comprising:

10

15

20

25

30

transmitting, to a user equipment (UE), a radio resource control (RRC)
signal or activation downlink control information (DCI) signal for
semi-persistent scheduling (SPS) or configured grant (CG) transmission

configuration; and

transmitting, to the UE, a physical layer control signal comprising an

indication of one or more parameters for SPS or CG transmission.

. The method of claim 1, wherein the one or more parameters comprise at

least one of a modulation and coding scheme (MCS) and a frequency

resource allocation.

. The method of any of claims 1 to 2, wherein at least one of the RRC signal

and the activation DCI signal, and the physical layer control signal are used
by the UE to decode a message sent in a physical downlink shared channel
(PDSCH) or to transmit a message through a physical uplink shared channel
(PUSCH).

. The method of any of claims 1 to 3, wherein the RRC signal comprises a

downlink (DL) semi-persistent scheduling (SPS) configuration information
element (IE) or an uplink (UL) configured grant (CG) IE.

. The method of any of claims 1 to 4, wherein the physical layer control signal

comprises a CRC portion that is scrambled with a Configured Scheduling
(CS)-Radio Network Temporary Identifier (RNTI) or an RNTI specifically for
the physical layer control signal.

. The method of any of claims 1 to 5, wherein the physical layer control signal

is transmitted in group-common physical resources.

. The method of any of claims 1 to 6, wherein the physical layer control signal

comprises a plurality of blocks, wherein each of the plurality of blocks
corresponds to a respective UE from a plurality of UEs, and comprises a
respective indication for at least one parameter for the respective UE, or at
least one indication that indicates a plurality of parameters for the
respective UE.
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8. The method of claim 7, wherein a size of one block from the plurality of
blocks is determined by a total number of parameters configured in the RRC
signal or the activation DCI signal for the respective UE.

9. The method of any of claims 1 to 8, wherein the one or more parameters
comprise at least one of the following parameters: time domain resource
allocation, number of antenna ports, DeModulation Reference Signal (DMRS)
sequence initialization, CSI request, downlink power offset, and transport
block size (TBS), transmit power control (TPC) command for scheduled
PUSCH, precoding information, a number of layers, number of antenna ports,
a time offset for transmission opportunity.

10. The method of any of claims 1 to 9, wherein the RRC signal or the
activation DCI signal comprises at least one of the following parameters:
time domain resource allocation, number of antenna ports, DeModulation
Reference Signal (DMRS) sequence initialization, CSI request, downlink
power offset, and transport block size (TBS).

11. The method of any of claims 1 to 10, wherein the indication for the one or
more parameters in the physical layer control signal comprises an index of

one set from multiple sets of the one or more parameters.

12. The method of any of claims 1 to 11, wherein the indication for one or more
parameters comprises an absolute value for at least one of the one or more

parameters.

13. The method of any of claims 1 to 12, wherein the indication for one or more
parameters comprises an incremental or decrement value for at least one of

the one or more parameters.
14. An electronic device (ED) comprising:

a transceiver for sending or receiving a wireless semi-persistent

scheduling (SPS) or configured grant (CG) transmission; and

a processing unit coupled to the transceiver, the processing unit

being configured to execute instructions to:

receive a radio resource control (RRC) or activation DCI signal
for SPS or CG transmission configuration;
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receive a physical layer control signal comprising an indication

of one or more parameters for SPS or CG configuration; and

decode a message sent in a physical downlink shared channel
(PDSCH), or transmit a message through a physical uplink shared
channel (PUSCH), based on at least one of the RRC signal and the

activation DCI signal and the physical layer control signal.

15. The ED of claim 14, wherein the one or more parameters comprise at least
one of a modulation and coding scheme (MCS) and a frequency resource
allocation.

16. The ED of any of claims 14 to 15, wherein the RRC signal comprises a
downlink (DL) semi-persistent scheduling (SPS) configuration information
element (IE) or an uplink (UL) configured grant (CG) IE.

17.The ED of any of claims 14 to 16, wherein the physical layer control signal
comprises a CRC portion that is scrambled with a Configured Scheduling
(CS)-Radio Network Temporary Identifier (RNTI) or an RNTI specifically for
the physical layer control signal.

18. The ED of any of claims 14 to 17, wherein the physical layer control signal

is transmitted in group-common physical resources.

19. The ED of any of claims 14 to 18, wherein the one or more parameters
comprise at least one of the following parameters: time domain resource
allocation, number of antenna ports, DeModulation Reference Signal (DMRS)
sequence initialization, CSI request, downlink power offset, and transport
block size (TBS), transmit power control (TPC) command for scheduled
PUSCH, precoding information, a number of layers, number of antenna ports,
a time offset for transmission opportunity.

20. The ED of any of claims 14 to 19, wherein the RRC signal or the activation
DCI signal comprises at least one of the following parameters: time domain
resource allocation, number of antenna ports, DeModulation Reference
Signal (DMRS) sequence initialization, CSI request, downlink power offset,
and transport block size (TBS).

21. The ED of any of claims 14 to 20, wherein the RRC signal or activation DCI

signal further comprise at least one of the following parameters: time
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domain resource allocation, transmit power control (TPC) command for
scheduled PUSCH, precoding information, a number of layers, number of
antenna ports, a time offset for transmission opportunity.

22. The ED of any of claims 14 to 21, wherein the value for the one or more
parameters in the physical layer control signal comprises an index of one set

from multiple sets of the one or more parameters.
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302 transmit, to a user equipment (UE), a
radio resource control (RRC) or activation DCI
signal for SPS or CG transmission configuration

304 transmit, to the UE, a physical layer
control signal including an indication of one or
more parameters for SPS or CG transmission
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402 receive a radio resource control (RRC) or
activation DCI signal for SPS or CG transmission
configuration

404 receive a physical layer control signal including
an indication of one or more parameters for SPS or
CG configuration

406 decode a message sent in a physical downlink
shared channel (PDSCH), or transmit a message
through a physical uplink shared channel (PUSCH),
based on at least one of the RRC signal and the
activation DCI signal, and the physical layer control
signal

FIG. 4
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