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FLEXIBLE GRANT-FREE RESOURCE CONFIGURATION SIGNALING

REFERENCE TO RELATED APPLICATIONS

This patent application claims priority to U.S. Provisional Application No. 62/482,671, filed on April
6, 2017 and entitled “FLEXIBLE GRANT-FREE RESOURCE CONFIGURATION SIGNALING
WITH NON-FIXED CTU SIZE,” and U.S Application No. 15/868,657, filed on January 11, 2018
and entitled “FLEXIBLE GRANT-FREE RESOURCE CONFIGURATION SIGNALING”, which

applications are hereby incorporated by reference herein as if reproduced in their entireties.

TECHNICAL FIELD

The present invention relates generally to a system and method for wireless communications, and, in
particular embodiments, to a system and method for grant-free resource configuration signaling with

non-fixed transmission resources.

BACKGROUND

A user equipment (UE), a mobile station, or a similar component will be referred to herein as a UE.
A UE may communicate on an uplink with a base station, an access point, an evolved node B (eNB),
a gNB, a transmit/receive point, or a similar component. In some wireless networks, before the UE
can transmit on the uplink, the UE needs to send a scheduling request (SR) to the base station
requesting resources for the uplink transmission. Responsive to receiving the scheduling request, the
base station may provide the UE with an uplink scheduling grant (SG) allocating the resources for

the UE to use to transmit data on the uplink.

In some proposed wireless networks, uplink transmissions may occur in a grant-free manner. In the
grant-free approach, uplink resources may be preconfigured for and allocated to multiple UEs
without the UEs sending scheduling requests. When one of the UEs is ready to transmit on the uplink,
the UE can immediately begin transmitting on the preconfigured resources without the need to ask
for and receive an uplink scheduling grant. The grant-free approach may reduce signaling overhead

and latency compared to the SR/uplink SG approach.

Grant-free uplink transmissions may be suitable for transmitting bursty traffic with short packets
from UEs to a base station and/or for transmitting data to the base station in real time or with low
latency. Examples of applications in which a grant-free uplink transmission scheme may be utilized

include massive machine type communication (m-MTC), ultra-reliable low latency communications
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(URLLC), smart electric meters, teleprotection in smart grids, and autonomous driving. However,

grant-free uplink transmission schemes are not limited to such applications.

SUMMARY

In some embodiments, a UE may receive a Radio Resource Control (RRC) signal. The RRC signal
may specify at least one UE-specific GF radio network temporary identifier (GF-RNTI). The UE-
specific GF-RNTI is different from a cell-RNTI (C-RNTTI) for a grant-based initial transmission. The
UE may perform the GF UL transmission without waiting for a downlink control information (DCI)

signal.

In some embodiments, the UE may detect the DCI signal in a search space of a physical downlink
control channel (PDCCH) using the GF-RNTIL. The DCI signal may comprise information about a
retransmission related to the GF transmission. The DCI signal may also comprise GF specific
configuration parameters. The UE may detect the DCI signal in the search space of the PDCCH
using the GF-RNTI by descrambling a cyclic redundancy check (CRC) of the DCI signal in
accordance with the GF-RNTI and performing a CRC check of the DCI signal using the descrambled
CRC.

The UE may perform the GF UL transmission in response to the receiving the RRC signal and before
detection of the DCI signal. In some embodiments, before receiving the RRC, the UE may perform
initial access by sending a preamble through a random access (RA) channel (RACH).

In some embodiments, a user equipment (UE) may receive a Radio Resource Control (RRC) signal.
The RRC signal may specify a GF group Radio Network Temporary Identifier (RNTI) and a UE
index. The GF group RNTI may be commonly shared by a group of UEs. The UE index may be
assigned to the UE. Further, the UE index may be different from the UE indices assigned to other
UEs in the group of UEs. The UE may receive a multicast signal. The multicast signal may specify at
least frequency resources and Modulation and Coding Scheme (MCS) to be shared by the UEs in the
group. In some embodiments, the multicast signal may be a group common downlink control
information (DCI) signal addressed to the group of UEs sharing the GF group RNTI. The GF group
RNTI may be used for scrambling a cyclic redundancy check (CRC) of the group common DCI. The
UE may perform GF UL transmissions. The UE may perform GF UL transmissions in accordance

with the GF group RNTI, the UE index, the frequency resources, and the MCS.

In some embodiments, the UE may determine a reference signal in accordance to the UE index. In

those embodiments, the UE may perform the GF UL transmissions in accordance with the
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determined reference signal, the GF group RNTI, the frequency resources, and the MCS. The
reference signal may be determined based on a currently configured reference signal, the UE index,

and a total number of available reference signals.

In some embodiments, the UE may determine a hopping pattern based the UE index. The UE may
perform the GF UL transmissions in accordance with the GF group RNTI, the UE index, the
frequency resources, the MCS, and the determined hopping pattern. The determined hopping pattern
of the UE may be different from hopping patterns of other UEs in the group of UEs.

In some embodiments, the UE may receive a UE-specific RRC signal. The UE specific RRC signal
may specify a periodicity. The UE may perform the GF UL transmissions in accordance with the GF
group RNTI the UE index, the frequency resources, the MCS, and the periodicity.

In some embodiments, a user equipment (UE) may receive a UE-specific resource hopping pattern
assigned to the UE. The UE-specific resource hopping pattern may comprise hopping information.
The hopping information may be associated with a sub-band that the UE hops to at each
corresponding time slot of a plurality of time slots. The UE may perform GF UL transmissions
according to the UE-specific resource hopping pattern. In some embodiments, the sub-band that the
UE hops to at each corresponding time slot may be determined based on the UE-specific cyclic shift
value. In one embodiment, the sub-band that the UE hops to at each corresponding time slot may be
determined based on the UE-specific cyclic shift value and an initial sub-band for the UE. In another
embodiment, the sub-band that the UE hops to at each corresponding time slot may be determined
based on a UE identifier. For example, the sub-band that the UE hops to at each corresponding time
slot may be determined based on a UE-specific pseudo random sequence initialized by the UE
identifier. In some embodiments, the UE identifier may be a UE-specific GF radio network
temporary identifier (GF-RNTI). In yet another embodiment, the sub-band that the UE hops to at
each corresponding time slot may be determined based on a UE-specific hopping index assigned to

the UE.

In some embodiments, the hopping information may indicate the sub-band that the UE hops to at
each corresponding time slot of the plurality of time slots. The hopping information may comprise a
UE-specific cyclic shift value. The UE-specific cyclic shift value may indicate a number of sub-

bands to be cyclically shifted by the UE from one time slot to a next time slot.

In some embodiments, the sub-band that the UE hops to at each corresponding time slot may be
determined based on a UE-specific cyclic shift value derived from the UE-specific hopping index

and an initial sub-band for the UE derived from the UE-specific hopping index. In some
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embodiments, the sub-band that the UE hops to at each corresponding time slot may be determined
based on an identifier of a group of UEs. For example, the sub-band that the UE hops to at each
corresponding time slot may be determined based on a group-specific pseudo random sequence
initialized by the identifier of the group of UEs. In one embodiment, the identifier of the group of
UEs may be a group Radio Network Temporary Identifier (RNTI). In another embodiment, the
identifier of the group of UEs is determined based on a UE-specific hopping index.

In some embodiments, the UE may determine a reference signal based on a UE-specific hopping

index.

In some embodiments, to perform the GF UL transmissions, the UE may determine a sub-band the
UE hops to at a time slot based on the hopping information. Next, the UE may derive a physical
resource block (PRB) index at the time slot in accordance with the determined sub-band, a total
number of resource blocks (RBs) in the determined sub-band, and a total number of RBs assigned to
the GF transmissions. Then, the UE may perform the GF UL transmissions at the time slot in

accordance to the derived PRB index.
BRIEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of the present invention, and the advantages thereof, reference is

now made to the following descriptions taken in conjunction with the accompanying drawings, in
which:

FIG. 1 is a diagram of an embodiment wireless communications network;

FIGs. 2A, 2B, and 3A to 3F are diagrams of various embodiment message flows between a grant-

free UE and a base station;

FIG. 4 is a diagram of an embodiment grouping of grant-free UEs into time and frequency resource

groups;
FIG. 5 is an exemplary flowchart for grant-free (GF) transmissions;

FIG. 6 is an exemplary flowchart for grant-free (GF) uplink (UL) transmissions by a user equipment
(UE) in a group of UEs;

FIG. 7 is an exemplary flowchart for grant-free (GF) uplink (UL) transmissions;

FIG. 8 is a block diagram of an embodiment processing system for performing methods described

herein; and
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FIG. 9 is a block diagram of a transceiver adapted to transmit and receive signaling over a

telecommunications network.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The structure, manufacture and use of the presently preferred embodiments are discussed in detail
below. It should be appreciated, however, that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed are merely illustrative of specific ways to make and use the invention, and

do not limit the scope of the invention.

When a group of UEs in the coverage area of a base station are operating in the grant-free mode,
collisions may occur between two or more of the UEs. That is, two or more UEs may attempt to
transmit using the same time and frequency resources, and the transmissions may thus be
unsuccessful. Embodiments of the present disclosure provide techniques for reducing the likelihood

of collisions.

The embodiments provide for flexible resource configuration and configuration of hopping by UEs
from a first sub-band for a first transmission to a second sub-band for a second transmission.
Resource configuration may be performed for one sub-frame and can be done for a flexible number
of resource blocks. Grant-free resource regions are not predefined. Hopping pattern signaling may
signal only the hopping after an initial transmission and may not include the initial location and size
of the resources to be used. Simplified hopping signaling may use a single UE-specific cyclic shift
value. UE-specific pseudo-random hopping may be used. That is, a random sequence for hopping
may be initialized by a UE identifier instead of a cell identifier. The flexible resource size

configuration allows simple signaling and flexible resource block assignment.

As such, the described techniques improve the network system with more efficient utilization of the

network resources.

FIG. 1 illustrates a communication network 100 in which the embodiments of the present disclosure
may be implemented. The network 100 comprises a base station 110 having a coverage area 101, a
plurality of UEs 120, and a backhaul network 130. As shown, the base station 110 establishes uplink
connections 140 and downlink connections 150 with the UEs 120, which serve to carry data from the
UEs 120 to the base station 110 and vice-versa. Data carried over the uplink connections 140 and
downlink connections 150 may include data communicated between the UEs 120, as well as data

communicated to and from a remote end (not shown) by way of the backhaul network 130. In some
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cases, the UEs 120 may communicate directly with one another in a device-to-device communication

mode over a connection 160 that may be referred to as a sidelink.

As used herein, the term “base station” refers to any component or collection of components
configured to provide wireless access to a network, such as an eNB, a 5th Generation (5G) gNB, a
transmit/receive point (TRP), a macro-cell, a femtocell, a Wi-Fi access point (AP), and other
wirelessly enabled devices. Base stations may provide wireless access in accordance with one or
more wireless communication protocols, such as 5G New Radio (5G NR), long term evolution (LTE),
LTE advanced (LTE-A), High Speed Packet Access (HSPA), or Wi-Fi 802.11a/b/g/n/ac, etc. As used
herein, the term “UE” refers to any component or collection of components capable of establishing a
wireless connection with a base station, such as a mobile device, a mobile station (STA), and other
wirelessly enabled devices. In some embodiments, the network 100 may comprise various other

wireless devices, such as relays or low power nodes.

The network 100 may use various high level signaling mechanisms to enable and configure grant-
free transmissions. The UEs 120 may be capable of grant-free transmissions and may signal this
capability to the base station 110. This may allow the base station 110 to support both grant-free
transmissions and conventional signal/grant transmissions (e.g., for older mobile device models)
simultanecusly. The UEs 120 may signal this capability by, for example, Radio Resource Control
(RRC) signaling defined in the Third Generation Partnership Project (3GPP) standards.

The base station 110 may use high-level signaling mechanisms (e.g., a broadcast channel and/or a
slow signaling channel, such as RRC signaling) to notify the UEs 120 of information necessary to
enable and configure a grant-free transmission scheme. The base station 110 may update this
information from time to time using, for example, a slow signaling channel (e.g., a signaling channel
that occurs on the order of hundreds of milliseconds instead of occurring in every transmission time
interval (TTI)). Common grant-free resource information can be defined in a broadcast channel or
system information. For example, system information may be transmitted by the base station 110 in a
System Information Block (SIB). The system information may include, but is not limited to, grant-
free frequency bands (start and finish) of the grant-free boundary in frequency and the grant-free

partition size.

In some embodiments, the base station 110 may use a combination of some or all of higher layer
signaling (e.g., RRC signaling), broadcast signaling, and downlink control channel (such as DCI) for

grant-free resource configuration.
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Grant-free uplink transmissions are sometimes called “grant-less”, “schedule free”, or “schedule-less”
transmissions. Grant-free uplink transmission can also be referred to as “UL transmission without

9

grant”,

9
?

UL transmission without dynamic grant”, “transmission without dynamic scheduling”,
“transmission using configured grant”. Sometimes, grant-free resources configured in RRC without
DCI signaling may be called a RRC configured grant or one type of configured grant. Grant-free
resource configured using both RRC and DCI signaling may be also called a configured grant, a DCI

configured grant or another type of configured grant.

FIG. 2A illustrates an embodiment method 200 for uplink (UL) grant-free transmissions between a
grant-free UE 220 and a base station 230. The transmissions may use RRC information without
having to check for Downlink Control Information (DCI) prior to initial transmission of data. The
grant-free UE 220 may check for acknowledgement/negative acknowledgement (ACK/NACK)
feedback either through a dedicated ACK/NACK channel, such as Physical Hybrid Automatic
Repeat reQuest (HARQ) Indication Channel (PHICH) or DCI. The RRC signaling is used for
signaling UE-specific and/or group-specific transmission resources and/or for reference signaling
configuration. For FIG. 2A, UE 220 may obtain all the transmission resource information after the
RRC signaling for configuration, and UE220 can perform uplink grant-free transmission after the

RRC signaling without the detection of an UL grant sent using DCI signaling.

With regard to the UE-specific information, the RRC signaling may be used to notify the grant-free
UE 220 about information relevant to grant-free transmission such as, but not limited to, a UE
identifier (ID), a DCI search space, grant-free transmission resources, reference signal resources, and

other relevant information that may include, for example, a modulation and coding scheme (MCS).

The RRC signaling may include a grant-free ID field, such as a grant-free radio network temporary
identifier (RNTTI), that is used to define search space and scramble CRC of the further control
signaling related to GF transmission, which may be referred to herein as GF-RNTI. The RRC
signaling may also include other ID fields, such as cell-RNTI (C-RNTI) or a combination of GF-
RNTI and C-RNTI. The GF-RNTI may be used for control signaling used for grant-free (GF)
resource configuration, activation/deactivation of GF resource/transmission, HARQ ACK/NACK of
GF transmission, a grant-based retransmission, and any other GF related signaling. The RRC
signaling may also include one or more of the following fields, but is not limited to the following
fields. All the fields described are also optional. The RRC signaling may also, or instead, include one
or more configuration super-fields for configuring for UL (such as gf-ConfigUL) and/or for

configuring for downlink (DL) (such as gf-ConfigDL). Here, the grant-based retransmission means
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that the scheduling grant is sent by the network to grant a retransmission of the data initially
transmitted using grant-free transmission. The grant-free RNTI used for grant-free transmission
described by FIG. 2A may also be used to scramble the Physical Uplink Shared Channel (PUSCH)
data of a grant-free transmission. C-RNTTI is the standard UE ID used for grant-based transmission.
For example, C-RNTTI can be used for masking the CRC of a DCI grant for grant-based transmission
or a DCI grant for a retransmission of data transmitted using grant-based transmission. C-RNTI can

also be used to scrambling the PUSCH data of grant-based data transmission.

Fields in the UL configuration super-field or directly in the RRC signaling may include, but are not

limited to, the following examples.

A grant-free frame interval for UL field may define the periodicity of the resource hopping pattern
in terms of a number of sub-frames. It may use frame length, in which case the field may be optional,

and the frame length defined for the system may be used by default.

A grant-free access interval UL field may define the interval between two grant-free transmission

opportunities. The value may default to be 1 if not specified.

There may also be fields for power control related parameters that may serve a similar purpose as the

one used for LTE semi-persistent scheduling (SPS).

A contention_transmission_unit (CTU) _size frequency field may define the number of resource
blocks used per CTU in the frequency domain or the CTU region block size. The time domain may
by default be a subframe or TT1. So only the frequency domain may be needed. The field is not
needed if defined in broadcast signaling (such as SIB) or if there is complementary DCI signaling.
The contention transmission unit (CTU) may include time and frequency resources used for one

grant-free transmission.

When the CTU size is defined in broadcast signaling, the size of the CTU is cell-specific. When the
CTU size is signaled in higher layer signaling (e.g., RRC signaling) or DCI signaling, the size of the
CTU may be UE-specific and can be the same or different for different UEs. In some embodiments,
the CTU size is indicated by the number of virtual resource blocks (VRBSs) or physical resource
blocks (PRBs). In some scenarios, the CTU size may be the same as the grant-free sub-band size
that is used for resource hopping. In this case, if the grant-free sub-band size is predefined or

signaled, the CTU size may not need to be explicitly signaled.

A grant-free frame interval for UL field may define the periodicity of the resource hopping pattern.

The periodicity may be defined in terms of a number of sub-frames or any other time unit. The field
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may use the frame length as a default, in which case the field may be optional. That is, the frame

length defined for the system might be used by default.

A grant-free access_interval in the time domain field may define the time interval between two
adjacent grant-free transmission resources (default to be 1 if not specified). This field may also be
used to signal the periodicity of grant-free transmission resources and may serve a similar

functionality as the periodicity field in LTE SPS.

A resource_hopping_pattern field may define the resource hopping pattern. In some embodiments,
the resource hopping pattern field is defined as a sequence of frequency location indices at each
frame at each time interval with a unit time equal to a grant-free schedule interval UL value. In some
embodiments, the resource hopping pattern field is defined as a sequence of frequency location
indices at each frame at each time interval in general. The time interval can be a TTL a slot, a time
slot, a sub-frame, a mini-slot, an OFDM symbol, a number of OFDM symbols, or any time unit. In
some embodiments, the resource hopping pattern field is defined as a sequence of CTU indices at
each time interval in each frame. A resource hopping pattern may be provided to a grant-free UE in
the form of any one of 1) a single UE index defined from a predefined resource assignment rule, 2) a
resource hopping index sequence indicating the frequency index of each time interval, or 3) any
implicit or explicit signaling of actual physical time/frequency resources that can be used at each

time slot.

A reference signal (RS) hopping_sequence field may define the RS hopping sequence. An index
of the RS to be used in frame n may be included. The RS may be fixed for the UE until an update is
signaled, and the RS used may change over time. 1f the RS changes at every time interval, the field
may include a sequence of indices at each time interval. The RS hopping sequence may not be
needed if complementary DCI is available. An RS hopping sequence may be provided to a grant-free

UE in the form of any one of 1) a fixed RS, and 2) a RS hopping sequence in each frame.

A multiple access (MA) signature or MA_ signature tuple or MA signature hopping pattern field
may be used by the UE for sending transmissions and retransmissions. The MA signature may
include (but is not limited to) at least one of the following: a codebook/codeword, a sequence, an
interleaver and/or mapping pattern, a pilot, a demodulation reference signal (e.g., a reference signal
for channel estimation), a preamble, a spatial dimension, and a power dimension. The MA signature
field may be similar to the RS or RS hopping field, but the MA signature field may indicate the
signature/codebook/sequence or any other MA signature used for a multiple access scheme, such as

sparse code multiple access (SCMA).
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In some embodiments, the CTU and resource/RS hopping pattern may be signaled using a
combination of assigned VRBs/PRBs and a hopping sequence. Such a signaling scheme will be
described below in more detail. Assigned VRBs/PRBs may be VRB index or PRB index. A VRB
index or a PRB index may be signaled using, for example, a starting RB index or a starting resource
block group (RBG) index together with the number of RBs or the number of RBGs. A RBG refers to

a group of RBs consisting of more than one RBs.

An MCS field to provide MCS information, if no complementary DCI signaling is being used. The
MCS information may be UE-specific or resource-specific. The MCS field may also indicate
whether (or by how much) the MCS is to be reduced after the initial transmission for the UE. For
example, an MCS hopping pattern may be assigned to the UE for the grant-free uplink transmission.
The MCS hopping pattern may indicate that an initial transmission may have a high MCS, a first
retransmission may have a lower MCS, and a second retransmission may have an even lower MCS,

etc.

The number of repetitions K or the maximum number of repetitions K may be performed by the UE.
For example, the UE may be configured to continue sending retransmissions until an ACK is
received, but only up to a maximum of K retransmissions; or the UE may be configured to perform
K repetitions without any feedback between the repetitions. If K repetitions have been sent and an
ACK is still not received, then the UE no longer sends any repetitions, and the UE considers that the

data has not been received or correctly decoded by the base station.

There may also be fields for power control related parameters that may serve a similar purpose as the

one used for LTE semi-persistent scheduling (SPS).

A search space field may be used for further DCI grant, which may also be predefined by GF_ID or
Group ID. GF 1D is the grant-free UE ID, such as GF-RNTI. Group ID is the group-based UE ID,
such as group RNTI that is targeting more than one UE as described in this disclosure. The search
space defines the potential time-frequency locations for the DCI grant for a UE to be transmitted.

The search space can be a function of GF-RNTI or C-RNTL

The RRC format may include an indication that the UE is a grant-free UE or is allowed to transmit
using grant-free resource. The RRC format may include a grant-free UE ID (such as GF-RNTI) or a
group-based ID (such as Group RNTI) that is used for decoding further instructions using DCI.
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The above-described RRC signaling content is not limited to the scenario of Fig. 2A and can apply to
all grant-free resource configuration scenarios, including all the other examples, figures, scenarios

described herein.

In the example of FIG. 2A, the grant-free UE 220 does not need to constantly check for DCI inside
the search space and does not need DCI to activate grant-free transmissions. DCI can provide further
control signaling to the UE 220. In some embodiments, the grant-free UE 220 may still monitor DCI
for possible activation, deactivation, resource update, grant-based scheduling or any other control

information that may be sent through DCI.

In some embodiments, whether or not a UE monitors of DCI is signaled. Then, the RRC signaling
may also include whether the UE needs to monitor a downlink control channel. In grant-based uplink
communications, a UE may regularly monitor a downlink control channel for DCI being
communicated to the UE, e.g., receiving a scheduling grant for the UE. However, when the UE is
configured to perform grant-free uplink transmissions, the UE may not need to monitor the downlink
control channel as frequently, or the UE may not need to monitor the downlink control channel at all.
How often (if at all) a UE performing grant-free uplink transmissions needs to monitor the downlink
control channel may be set by the network. For example, a UE performing grant-free uplink
transmissions may be configured to monitor the downlink control channel once every T subframes,

where T is a parameter configured by the network.

Prior to the start of the steps of FIGs. 2A, 2B, 3A, and 3B, system information may be periodically
transmitted by the base station. The system information may include information that is to be used by
the UE. If information that would be used by the UE is not defined in the system information, then
that information may be provided in RRC signaling and/or DCI messages.

As shown in FIG. 2A, at step 201, the UE 220 capable of grant-free transmissions first enters a
network supported by the base station 230 and performs initial access, for example, by sending a
preamble through a random access (RA) channel (RACH) as a part of a random access procedure in
an LTE network. The UE 220 may signal to the base station 230 an indication indicating that the UE
220 is grant-free transmission capable, for example, when the UE 220 expects to transmit a large

amount of small data packets.

At step 202, the base station 230 receives the RACH RA preamble or any other signal used for initial
access and selects a UL transmission resource to be used by the UE 220. An embodiment provides
that the UL transmission resources comprise a predefined multiple access (MA) hopping pattern in a

frame. For example, the MA hopping pattern may include a predefined time/frequency resource
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hopping pattern in a frame and/or a predefined RS hopping pattern. The MA hopping pattern
provides a universal RS and transmission resource mapping scheme that supports different numbers
of UEs in uplink grant-free MA transmissions. The base station 230 can obtain the predefined MA
hopping pattern from the network, for example to save the MA hopping pattern, or the base station
230 may obtain the MA hopping pattern by generating the MA hopping pattern based on a
predefined pattern generating scheme or a predefined rule. In addition to the MA hopping pattern,
there are various other elements used to define the transmission resources that are included in RRC

signaling and that are transmitted to the UE 220.

At step 203, the base station 230 sends a UL transmission resource assignment to the UE 220

through RRC signaling after selecting the transmission resource to be used for the grant-free UE 220.

At step 204, the grant-free UE 220 determines the available UL transmission resources. In some
embodiments, the UE 220 can derive the transmission resources based on predefined rules after
receiving the transmission resource assignment. Alternatively, the UE 220 can look up a table and
the predefined transmission resource hopping pattern after receiving the above transmission resource
assignment. The UE 220 can save the predefined transmission resource pattern and table.
Furthermore, the UE 220 can update the predefined transmission resource pattern and table after

receiving the signaling to instruct the update information.
At step 205, a first batch data arrives at the grant-free UE 220 for transmission to the base station 230.

At step 206, after the first batch data has arrived, the UE 220 transmits the first batch data
transmission based on the assigned grant-free transmission resource. The grant-free resources may be
assigned to the UE 220 semi-statically. “Semi-static” is used herein in comparison with the “dynamic”
option that operates in every time slot. For example, semi-static can operate periodically with a given
time period, such as 200 or more time slots. Once the grant-free UE 220 obtains the assigned
resources, the UE 220 may transmit data using assigned resources immediately after data arrives,
without obtaining a grant. The UE 220 may transmit the initial transmission of the first batch data
using the assigned UL transmission resources. In some embodiments, once the first batch data arrives
in the grant-free UE’s buffer, the UE 220 determines the CTU regions of the next time interval or the
next opportunity the UE 220 can access from the resources assigned to the UE 220. The UE 220
determines the next time interval for CTU access after data arrives, and the UE 220 searches for the
CTU region at that time interval based on the assigned resource hopping sequence. The UE 220 may
then transmit the initial transmission of first batch of data using that CTU region and the RS assigned

for that region. The transmission may include a RS signal and a data signal.
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In step 207, the base station 230 detects the data after receiving the first batch data transmission. In
some embodiments, when the UE 220 sends a message to the base station 230, the base station 230
first attempts to detect the MA signature. Detecting the MA signature is referred to as activity
detection. By successfully performing activity detection, the base station 230 knows that the UE 220
has sent a grant-free uplink transmission. However, successful activity detection may or may not
reveal the identity of the UE 220 to the base station 230. If there is a predefined RS pattern between
a UE and an MA signature, then successful activity detection reveals the identity of the UE that sent
the grant-free uplink transmission. In some embodiments, activity detection may further include

obtaining the UE ID, e.g., if the UE ID is encoded separately from the data.

As part of the actions taken at step 207, if activity detection is successful, the base station 230 then
attempts to perform channel estimation based on the MA signature and optionally additional

reference signals multiplexed with the data message, and then the base station 230 decodes the data.

In step 208, the base station 230 sends an ACK or NACK based on the decoding result at step 207.
The base station 230 attempts to decode the initial transmission of the first batch data by first
performing activity detection by decoding the RS signal, performing channel estimation using the RS
signal, and then attempting to decode the data. If the base station 230 can successfully decode the
data, the base station (BS) may send an ACK to the UE 220 to confirm the successful decoding. 1f
the base station 230 does not decode the data successfully, the base station 230 may send a NACK to
the UE 220 or does not send any feedback at all. In some embodiments, after the initial transmission
of first batch of data in step 206, the UE 220 may choose to immediately retransmit the first batch of
data using the next available resources according to the resource assignment in step 203. In other
embodiments, the UE 220 may wait for a predefined period, and if the UE 220 receives an ACK
within the predefined period, the UE 220 will not perform the retransmission. If the UE 220 does not
receive an ACK within the predefined period, the UE 220 may retransmit the first batch data at the

next available CTU resources after the predefined period.

The UE 220 may check for ACK/NACK feedback that may be transmitted either through a dedicated
ACK/NACK channel, such as the PHICH, or through DCI or group DCI by searching the search

space.

In FIG. 24, it is assumed that the base station 230 has transmitted an ACK in step 208, because the
grant-free UE 220 has received a second batch data transmission and is not retransmitting the first
batch data transmission. The UE 220 transmits the second batch data at step 209 based on the

obtained transmission resource without communicating, to the network entity, a corresponding
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transmission resource assignment assigning the transmission resources to the UE 220. Steps 210 and

211 are similar to steps 207 and 208, respectively.

If the base station 230 had sent a NACK in step 208, then the UE 220 would retransmit the first
batch data transmission based on the assigned transmission resource defined in the RRC signaling or

an alternative transmission resource that is provided to the UE 220.

In some embodiments, the UE 220 may only check for a dedicated ACK/NACK channel, such as the
PHICH, but does not check for DCI after the first transmission. Therefore, the UE 220 may only
perform grant-free transmission and retransmission. The UE 220 may save energy by not being

required to check DCI even after the first transmission.

Steps 206-209 of FIG. 2A and the associated description of the grant-free
transmission/retransmission and HARQ response from the base station are only examples of the
grant-free transmission/retransmission details based on assigned grant-free resources in the prior
steps. There may be other steps for grant-free transmission/retransmission and HARQ response for
the given grant-free resource assignment. The grant-free resource assignment and signaling can still
apply to all these grant-free transmission/retransmissions. In some embodiments, the base station (BS)
may send a UL grant via DCI signaling as a HARQ response to the grant-free transmission instead.
The grant can be a retransmission grant, i.e., the BS may send an uplink grant for a retransmission of
the data transmitted in the grant-free transmission. The UE may then send the retransmission
according to this uplink grant. In this case, the RRC configured GF-RNTI may be used for
scrambling the CRC of the retransmission grant of grant-free transmission. In some embodiments,
UE may continue retransmission or repetition until a DCI indicating retransmission grant is received
or until the number of repetitions reaches a number K, where K can be preconfigured in UE specific
RRC signaling. If UE receives an UL grant sent in DCI for a retransmission, UE then retransmit the

data of the grant-free transmission using the resource indicated by the retransmission UL grant.

In some embodiments, for a grant-free resource configured using non-DCI signaling (e.g., RRC
signaling), an example of which is shown in FIG. 2A, the grant-free resource assigned for a UE may

still be updated or released semi-statically (e.g., through RRC) or dynamically (e.g., via DCI).

In some embodiments, for a grant-free resource configured using non-DCI signaling (e.g., RRC
signaling), an example of which is shown in FIG. 2A, a UE may still wait for a DCI activation before
the UE can transmit a grant-free transmission even though the resource is already configured by

higher layer signaling. The DCI activation may or may not include further resource configuration
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information. The grant-free resource for the UE can also be disabled/deactivated dynamically using

DCI or semi-statically using RRC signaling.

FIG. 2B illustrates an embodiment procedure 260 of grant-free resource configuration that uses a
combination of higher layer signaling (e.g. RRC signaling) and complementary DCI signaling. The
difference between the examples in FIG. 2B and FIG. 2A is that, in FIG. 2B, the UE 220 may need
to receive a DCI signal for configuration of resources before the UE 220 can perform grant-free
transmission. In FIG. 2B, the UE 220 may need toc monitor DCI after the RRC signaling. DCI

signaling may be used to provide additional relevant information to the UE 220,

The grant-free resource signaling field may be similar to the example of FIG. 2A, and the RRC
signaling field may include some or all of the fields described with regard to FIG. 2A. However, in
some embodiments, some of the fields in the RRC signaling may be moved to the DCI
activation/configuration step instead. These fields may include information that is typically used in a
DCI grant, such as resource block assignment and resource hopping pattern, MCS, RS, and RS

hopping pattern.

The FIG. 2B embodiment procedure for UL grant-free transmissions includes using RRC signaling
with complementary DCI signaling. The DCI signaling may function as activation or deactivation.
Activation and deactivation indicators are sent by the base station 230 using DCI messages to
indicate that the UE 220 is permitted or not permitted to do grant-free transmission. In this case, the
DCI activation may provide further information for grant-free resource assignment. Without the DCI
activation, the UE 220 may not obtain enough information for grant-free transmission using RRC

signaling alone.

In some embodiments, the DCI may have the following format:

Field Value

MCS/RVY Initial MCS value, RV=0
NDI 0 (new transmission)

DMRS cyclic shift Signal the first RS value at a

given frame

Resource block allocation Signal a first resource block

allocation at first time
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interval

Based on the first RS value and the first resource block (or virtual resource block assignment) in
combination with a resource hopping sequence and an RS hopping sequence (or just a predefined RS
hopping rule over frames), the UE 220 can figure out the particular resource/RS allocation at each

CTU.

The RRC signaling assigns a grant-free UE 1D or a group ID to a group of UEs. The RRC signaling
also includes the definition of the search space so that the UE 220 knows where to search for the DCI
activation. The search space may also be defined by the UE ID (e.g. GF-RNTTI) or group ID (e.g.,
group RNTI). After receiving RRC signaling, the UE 220 still cannot perform grant-free
transmission until receiving further DCI signaling. In some cases, the DCI signaling may serve as an
activation of the grant-free transmission. In some embodiments, the DCI signaling may serve as a
semi-static complementary signaling to help specify grant-free resources for the UE 220. In some
embodiments, the DCI signalling may serve as both activation and resource configuration. The UE
220 may need to wait until receipt of the DCI activation. Thus, the UE 220 may need to monitor the
search space for the activation and deactivation indicators. The grant-free UE 220 decodes the DCI

using the assigned grant-free or group ID for activation or deactivation of grant-free transmissions.
Steps 241 and 242 in FIG. 2B are the same as steps 201 and 202 in FIG. 2A.

Step 243 in FIG. 2B is similar to step 203 in FIG. 2A, except that the RRC signaling in FIG. 2B

includes a grant free ID.

Step 244 in FIG. 2B includes the UE 220 checking for a DCI message including an activation at a
search space defined in the RRC signaling, or possibly a combination of the RRC and system
signaling.

At step 245, the base station 230 sends a DCI activation message to the UE 220.

Steps 246, 247, 248, 249 and 250 in FIG. 2B are the same as steps 204, 205, 206, 207 and 208 in FIG.
2A.

At step 251 in FIG. 2B, the base station 230 sends a DCI deactivation message to the UE 220. After
deactivation, the UE may release the GF resource and will not be able to perform GF transmission

until a reactivation signal.
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FIG. 3A illustrates an embodiment procedure 300 for UL grant-free transmissions that includes using
RRC signaling with a group assignment. The RRC signaling assigns a group ID (e.g., a group RNTI,
which may be denoted as group RNTTI herein) to a grant-free UE 320. Other UEs in the same group
may be given the same group ID through the other UEs’ own respective RRC signaling, because the
RRC signaling is UE-specific. A base station 330 may also signal a UE index or multiple UE indices
among the group to the UE 320 (e.g., in RRC). The UE index may be used to derive some
information, such as resource, RS, MCS of the UE 320. The UE 320 is configured to search a
predefined search space of a transmission resource for further DCI messages that are addressed for a
group of grant-free UEs that are assigned the group ID (group_RNTI). In FIG. 3A, the UE 320 may
not need to check for a group DCI before first transmission. In some embodiments, the UE 320 may

also check for DCI or group DCI after RRC configuration.
Steps 301 and 302 in FIG. 3A are similar to steps 201 and 202 in FIG. 2A.

Step 303 in FIG. 3A is similar to step 203 in FIG. 2A, except that the RRC signaling in step 303

includes a group ID.
Steps 304, 305, and 306 in FIG. 3A are similar to steps 204, 205, and 206 in FIG. 2A.

Once the base station 330 has detected the data in step 307, the base station 330 sends a DCI
message that includes an ACK or NACK, as shown at step 308. If UE 320 receives an ACK, UE may
not perform any retransmission. [f UE 320 receives an NACK, UE 320 may perform retransmission.
The retransmission can be done in the configured grant-free resource. Note that ACK and NACK are
some examples of HARQ feedback provided by the BS to the UE to perform grant-free transmission.
There are other types of HARQ feedback and responses from the UE for retransmissions. For
example, the BS may also provide a HARQ feedback by sending a UL grant in DCI signaling for
retransmission of the data transmitted by the UE through grant-free transmission. In this case, the UE

may follow the UL grant to perform a retransmission according to the UL grant.

In step 309, the grant-free UE 320 checks for DCI signaling. The gra-free UE 320 checks the
predefined search space and uses the group ID to decode the DCI for further instructions on resource

assignment and other instructions.

In step 310, the base station 330 assigns or updates a new transmission resource using the DCI with

the group identifier.
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When the second batch data transmission arrives at the UE 320, the UE 320 transmits the second
batch data in step 311 based on the updated transmission resource from the group DCI. Steps 312
and 313 are similar to steps 307 and 308.

FIG. 3B provides an example similar to that of FIG. 3A, except that the configuration of grant-free
resources may include a combination of higher layer signaling and DCI or group DCI signaling.
Steps 341, 342, and 343 work the same as steps 301, 302, and 303 in FIG. 3A. The UE may need to
receive a DCI or group DCI for activation and configuration information before the UE can perform
grant-free transmission. At step 344, the UE checks for group DCI using the group ID. At step 345,
the base station transmits a group DCI for further GF resource assignment and activating the GF
transmissions. At step 346, the UE obtains all the UL transmission resources. Steps 347, 348, 349,
and 350 work the same as steps 305, 306, 307, and 308 in FIG. 3A. There may also be a deactivation
signal sent in step 351 to deactivate the GF transmission. After that, the UE’s previously configured
GF resource may be released, and the UE may stop further grant-free transmission until further

activation signaling.

In some embodiments, one working mode is that for higher layer signaling configuration, the grant-
free (GF) resource can also be activated and deactivated by dynamic DCI signaling for some
scenarios. One motivation with DCI deactivation is to dynamically and quickly release the GF
resource of first type of traffic and used for second or more other types of traffic in some cases, and

later the activation will dynamically configure the resource back to the first type of traffic as needed.

In other embodiments, grant-free to grant-based (GF2GB) switch can be scheduled in some cases
(e.g., emergency usage) second or more other types of traffic to use GF resource configured for first
type of traffic. For example, if the gNB can be aware of the low resource utilization or take
advantage of knowledge of the first traffic (e.g., VoIP) in the GF resource, it can schedule other
types of traffic to temporarily use the GF resource of the first type of traffic.

In some embodiments, for the semi-static configuration on first type of traffic for GF
transmission, and in some cases (e.g., emergency usage), eNB can directly schedule a grant to other
type(s) of traffic to use the GF resource of the first type of traffic (without releasing it) for temporary

usage.

In some embodiments, for the extreme cases where both GF traffic and grant traffic are
overloaded, an admission control on the traffic admission can be applied, or the system can budget

more resources (e.g, increased system bandwidth) to support the traffic, temporarily or permanently.
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In the system with the co-existence of grant-free and grant based transmissions, for one UE and/or
multiple UEs, one operation mode is to configure one or more grant-free UEs to listen to DCI
signaling at each TTL, or before the data transmission and/or at the TTIs during the data
transmissions, where the scheduler can grant non-grant-free UE(s) in the grant-free resource region
for a temporary usage. In this way, the grant-free UE(s) can listen to the DCI grants and avoid or

reduce the collisions with the UE(s) for the temporary GF resource usage.

In another embodiment, GF resource adjustment can be in a semi-static way and/or on a basis of

demand.

For the grant-free transmission, UE can transmit data according to previous configured parameters
autonomously. The GF mode or GF resource of a UE can be deactivated semi-statically or
dynamically, by non-DCI signaling (e.g. RRC signaling) or DCI signaling. After deactivation, the
previous assigned resource will be released, and the UE can reassume GF mode after receiving new

GF configuration signaling.

The DCI signaling for activation/deactivation and/or resource configuration can be carried by UE
specific DCI or common DCI (e.g. group DCI or group common NR-PDCCH). The DCI for
activation/deactivation and/or resource configuration may also carry ACK signaling, i.e., a
DCI/common DCI can contain both ACK information and de-activation information. The UE can
also reassume GF transmission after receiving DCI based activation signaling. The UE can use the

previous configured GF resource or the GF resource configured in the DCI activation signal.

In some embodiments, the network/BS can release the GF resource assigned to a UE if the
network/BS did not receive GF data from a UE as expected. Network/BS can notify the UE of
releasing the GF resource via RRC or DCI signaling. The release can be done through a deactivation

signaling.

In some embodiments, a UE can send a request to network/BS for reassuming the GF resource
allocation, via higher layer signaling (e.g. RRC signaling) or uplink control channel (e.g. ina

scheduling request (SR)).

In some embodiments, the network/BS may pre-assign a timer for expiring of GF resources. The
timer can be signaled in higher layer signaling (e.g. RRC), broadcast signaling (e.g. SIB) or dynamic
signaling (e.g. DCI). Both network/BS and UE have the timer information. If no GF transmission
from the UE is received after the timer expires, the GF resource may be automatically released. If a

GF transmission is received, the timer may be discarded or reset.
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In other embodiments, the network/gNB can release the GF resource assigned to a UE for grant-free
transmission, for example, when the network doesn’t receive GF data from the UE for a configurable
time-out period. The UE can even send an explicit message to request network/gNB to release its
previously assigned GF resources, due to some scenarios such as no any low latency traffic, or the
loading is too congested, etc. The UE can send an message to network/gNB to explicitly switching
from GF to GB transmissions. The network can release the UE GF resource and perform any new

configurations to the UE using RRC or DCI signaling.

In another embodiment, UE can send a request to network/gNB for reassuming the GF resource
allocation via RRC, SR, PRACH, or buffer status report (BSR). A GB UE can use its UL PUSCH
channel to bring a SR/BSR to the network for the GF resource scheduling/configuration request,
where the BSR can be designed and used for indication of, e.g., traffic priority/importance level, QoS,
mobility status, and/or packet size. The SR/BSR can include more control information (other than
just for scheduling), such as traffic priority/importance level, QoS, mobility status, and/or packet size,
etc. A randomly selected RACH sequence or UE specific RACH sequence can be used in a PRACH
channel for UE scheduling request, where the sequence can be designed for more functionality (than

typical RACH sequence), for example, identifying UE, traffic priority/importance level, QoS,

mobility status, and/or packet size.

In some embodiments, the SR/BSR used to request to reassume GF resource allocation or request for
new GF resource may be transmitted through a dedicated uplink control channel or a random access
channel for contention based SR transmission. The random access channel may re-use the PRACH
channel or be a separated configured channel for contention based SR. The UE may be configured
with a dedicated SR sequence or randomly select a SR sequence among a SR sequence pool for the

SR transmission.

In general, whether the GF resource is configured using higher layer signaling or a combination of
higher layer signaling and DCI signaling, the network/BS may be able to semi-statically (through
higher layer signaling) or dynamically activate or deactivate the GF resources and transmissions (e.g.
through DCI or group DCI). The GF resources may also be able to be updated semi-statically (e.g.
through higher layer signaling) or dynamically (e.g. through DCI or group DCI). When the GF

resource and transmission is deactivated, they may be re-activating again.

FIGs. 3C-3F provide example embodiments that illustrate different possibilities of activation and
deactivation. FIG. 3C shows the scenario where the UE has been configured with all the needed GF

resources in the higher layer signaling (e.g. RRC) at step 363. Steps 361 and 362 work the same as
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steps 301 and 302 in FIG. 3A. The grant-free UE can still be dynamically activated or deactivated
using DCI or group DCI. In FIG. 3C, after obtaining the UL GF transmission resources in step 364,
the UE may still be required to wait until it receives an activation signaling before GF transmission.
The GF the UE may monitor the DCI after step 364 and BS/network transmit an activation signaling
through DCl/group DCI. At step 365, the base station transmits a DCI or a group DCI to activate the
GF transmission. After receiving DCI activation, the UE may perform grant-free transmission at the
configured resource at step 366. The GF resources may be deactivated dynamically. Step 366 may
also include the BS sending HARQ feedback indicating ACK, NACK, or an UL grant. Step 366 may
further include retransmission performed by the UE as shown in the figure. The HARQ feedback and
retransmission performed by the UE can be similar to the steps described in Fig. 3A. If UE receives
an ACK, UE may not perform any retransmission. If UE receives an NACK, UE may perform
retransmission. The retransmission can be done in the configured grant-free resource. BS may also
provide a HARQ feedback by sending a UL grant in DCI signaling for retransmission of the data
transmitted by the UE through grant-free transmission. In this case, the UE may follow the UL grant

to perform a retransmission according to the UL grant.

In step 367, the BS sends a DCI or group DCI to deactivate the GF resources. In step 368, the UE
releases the GF resource and stops grant-free transmission. Optionally, at step 369, the BS may
reactivate the GF resource dynamically. After that, at step 370, the UE can perform grant-free
transmission again at GF resources configured earlier. Step 370 may be similar to step 366, which
includes HARQ feedback or an UL grant sent by the BS and retransmission sent by the UE similar to
the steps described in Fig. 3A. The UE may use the GF resources that were configured previously or

use the GF resources indicated in the activation/reactivation signal or a combination of the two.

FIG. 3D shows a scenario where the UE has been configured with all the resources through higher
layer signaling. Steps 381, 382, 383, and 384 work the same as steps 361, 362, 363, and 364 in FIG.
3C. However, the UE does not need a DCI activation signal before it can perform GF transmission in
step 385. The UE may receive a DCI deactivation signal at step 386 and release the GF transmission
resource. Steps 387, 388, and 389 work the same as steps 368, 369, and 370 in FIG. 3C.

FIG. 3E shows a similar resource configuration as FIG. 3C and F1G. 3D, but there is no dynamic
DCI activation or deactivation. Steps 391 and 392 work the same as steps 361 and 362 in FIG. 3C.
The UE can perform GF transmission at the configured resource in step 393 without receiving an

activation signal. Steps 394 and 395 work the same as steps 384 and 385 in FIG. 3D.
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FIG. 3F shows a different resource configuration. Steps 3001 and 3002 work the same as steps 391
and 392 in FIG. 3E.The higher layer signaling (RRC) may only provide some information of the GF
resource configuration at step 3003. The UE needs to wait for the DCI or group DCI activation
signal transmitted from the base station at step 3004. The DCI or group DCI also provides further
information on GF resource configuration before the can perform grant free transmission. Steps 3005
and 3006 work the same as steps 394 and 395 in FIG. 3E. The base station can deactivate the GF
resource dynamically as in step 3007. Optionally, the BS may reactivate the GF transmission using a
DCI or group DCI at step 3008. After that, at step 3009, UE may perform GF transmission using the
preconfigured resource or resource configured in the DCI activation/reactivation signal or a

combination of the two.

In all scenarios which support dynamic DCI activation or deactivation, the GF resources may be

reactivated dynamically using a DCI activation/reactivation signal.

In some embodiments, the network/gNB configures GF resources and access regions for special
usages or services, e.g., emergency traffic, unexpected low latency traffic, which can be used by any
UE (e.g., grant-free and/or grant-based) or a group of pre-defined (e.g., embedded in the device) or
pre-configured (e.g., during UE initial access) priority users such as medical professionals, urgent-
event processing people, etc. Moreover, the urgent or emergency type of traffic can be pre-defined

or specified by pre-configuration.

In other embodiments, the network/gNB can take advantages of UE capability and its QoS
requirements to configure or grant emergency GF resources for special usages or services in order to
reduce collisions or increase the resource spectrum efficiency. For example, the network/gNB can
monitor all UEs for their QoS requirements and the types of devices to figure out how large a
resource region to configure/grant for the urgent services. In another example, if a UE enters the
network with reported QoS or specified special services, even though without immediate urgent
traffic but with potential urgent traffic generation later or soon, the network/gNB can guide the UE to
use the emergency GF resource region upon the arrival of the urgent traffic. In another embodiment,
the network/gNB can pre-configure or grant some UEs with dedicated or shared resources, which
can be dynamically activated for usage or can be used without any DCI activation, but if no urgent
traffic is available for transmission, the resources can be skipped by these UEs (like LTE SPS
uplinkSkip scheme).

In other embodiments, the GF resource configuration, the eligibility or rule to use the urgent GF

resource region, and specified urgent type of traffic pre-configuration can be done by broadcast
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signaling, RRC signaling, and/or DCI related (e.g., UE specific DCI, group common PDCCH, etc.)
signaling, wherein the priority UEs can be configured in their initial access or any other time by RRC
signaling or L1 signaling, which may or may overwrite their pre-defined (e.g., embedded in the
device) priority statuses if any. The configuration of the urgent GF resources may consider certain

required robust transmissions, such as RS, MCS, numerology and repetitions, etc.

In other embodiments, any UE may receive the information from the network, including the
configuration on the GF resource region for urgent usage. If the UE has urgent traffic (as specified
by pre-definition or pre-configuration signaling) to transmit, it can take advantage of the urgent GF
resources to transmit its urgent traffic, using the parameters (e.g., RS, MCS, numerology, sub-band,

etc.) configured for the urgent GF resource access.

In another embodiment, the network/gNB may process the transmissions in the special GF access
region same as or different from that for regular GF traffic processing, depending on the
scenarios. In some cases, the network/gNB can process the transmissions in a special way in terms

of fast processing and reaction, etc.

In some embodiments, the GF resource region for urgent usage may be configured through broadcast
signaling, e.g. in SIB. For this scenario, the UE may be able to access and perform GF transmission
on this type of GF resource region without requiring a GF resource configuration from unicast or

multicast signaling (e.g. RRC signaling or DCI signaling).

In some embodiments, the UE may be able to access this type of GF resource region that is
configured for urgent usage for GF data transmission without first performing an initial access even

if the UE is in non-RRC connected state (¢.g. idle or in-active state).

In some embodiments, the UE may have been previous configured GF resource via higher layer
signaling or DCI signaling and UE is waiting for a DCI activation or the GF resource has been
deactivated or GF resource has been released because of time-out of the configured GF timer.
However, if the UE has some urgent data traffic, the UE may be able to perform GF transmission on

previously configured GF resource without receiving an activation/reactivation signal.

In another embodiment, GF UEs can be configured and dynamically switched to GB UEs, and

switched back to GF UEs again as needed; or vice versa.

Moreover, instead of switching between GF UE and GB UE status, any GB UE can be dynamically
added and configured anytime as having a GF UE status, and any GF UE can be removed from the
GF UE status. The configuration can be DClI-type signaling (e.g., UE specific DCI, group common
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DCI), non-DCI type signaling (broadcasting, RRC, multi-casting), or a combination of them. Any
GF UE can have the similar configuration to from being added a new status as GB UE also, and
being removed from the GB UE status. Furthermore, any UE with both GF and GB UE status, can be
removed any of the two access statuses, e.g., to remove GF UE status, or to remove GB UE status,

and the incurring signaling on the UE status changes may be necessary.

Embodiments of the present disclosure provide additional features to the grouping of UEs described
above. FIG. 4 illustrates a set 400 of time and frequency domain resources available to a plurality of
UEs in the coverage area of a cell. In the example embodiment of FIG. 4, 20 UEs are shown, but
other numbers of UEs could be present. In the embodiment of FIG. 4, four successive time slots 402
are shown as an example of a sequence of time slots. The time slots 402, time units or time intervals
described herein may be a subframe, a TTI, a mini-slot, a slot, a frame, or in general any time
interval. FIG. 4 may also apply to the case where the time slots 402 are not successive or continuous.
The interval between two time slots 402 may be signaled by the grant-free access interval/periodicity
described above. In an embodiment, in a given time slot 402, the UEs are grouped into a plurality of
frequency sub-bands 404, such that each UE is in one of the groups 406. Thus, any group 406
consists of a certain number of UEs that share the same time slot 402 and the same sub-band 404,
and thus the UEs in a group 406 share the same resource block. In other embodiments, UEs in a
group, e.g. group 406, may just share the same time unit and subband, but may not share the same
resource block. In the illustrated embodiment, the available frequency bandwidth is divided into five
sub-bands 404, but in other embodiments, the available frequency bandwidth may be divided into a
different number of sub-bands. The size of a sub-band 404 may be the same as the size of a grant-
free resource 406 in the frequency domain. Alternatively, the size of a sub-band 404 may be larger
than the size of a grant-free resource 406 in the frequency domain. In the illustrated embodiment,
there are four UEs in each group 406, but in other embodiments, other numbers of UEs may be
present in each group 406. The groups 406 of time and frequency resources may have equal sizes or
different sizes. The numbers illustrated in the groups 406 represent indices of the UEs in a group 406.
For example, the four UEs in group 406a have indices 1, 6, 11, and 16. Hereinafter, the UEs in a
group 406 may be referred to by their indices, such that the UEs in group 406a may be referred to as
UEL1, UE6, UE11, and UEL16, the UEs in group 406b may be referred to as UE2, UE7, UE12, and
UE17, and so on.

In an embodiment, the likelihood of a collision between two or more UEs is reduced by shifting the
sub-band 404 to which a UE is assigned in a subsequent time slot 402. In an embodiment, the

amount of the shift may be different for each of the UEs in a group 406. Using the UEs in group
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406a as an example, UE1, which is in sub-band 404a in time slot 402a, is shifted by one sub-band
404 to sub-band 404b in time slot 402b and thus is in group 406g in time slot 402b. UE6, which is in
sub-band 404a in time slot 402a, is shifted by two sub-bands 404 to sub-band 404c in time slot 402b
and thus is in group 406h in time slot 402b. UE11, which is in sub-band 404a in time slot 402a, is
shifted by three sub-bands 404 to sub-band 404d in time slot 402b and thus is in group 406i in time
slot 402b. UE16, which is in sub-band 404a in time slot 402a, is shifted by four sub-bands 404 to
sub-band 404e in time slot 402b and thus is in group 406j in time slot 402b. Similar shifts may be
seen in the other UEs in the other groups 406. In other embodiments, as will be described in more

detail below, the shifting of UEs to other groups 406 may occur in other manners.

The shifting of sub-bands described above may be referred to as resource hopping, and a pattern of
the shifting may be referred to as a resource hopping pattern. RRC signaling or DCI signaling or a
combination of RRC signaling and DCI signaling may be used to define the resource hopping pattern
for the members of a group 406 and may also designate how many members of a group 406 use the
same pattern. An access interval may also be defined to specify how often in the time domain
resources are located, for example, every one TTI, every two TTIs or some other interval. System
information may specify the number of sub-bands 404 present and the number of resource blocks in
each sub-band 404. For example, if one of the groups 406 is allocated with five resource blocks, that
group 406 may be given a five-resource-block index. An entire sub-band 404 or only a portion of a

sub-band 404 may be used.

In the configuration of one of the UEs in FIG. 4, the UE may be told the number of resource blocks
assigned to the UE. The UE may also be configured with a hopping pattern. The UE may further be
configured with a reference signal index and a total number of available reference signals. In some
embodiments, the total number of available reference signals is predefined and known by both the
base station and the UEs. The reference signals may be configured so the reference signals do not
collide with one another. That is, if two UEs are configured in the same resource, the UEs may need

to use different reference signals.

In an embodiment, the likelihood of a collision between two or more UEs is further reduced by
introducing permutations in the positions of the UEs in the groups 406 when a UE moves to a
different sub-band 404 in a different time slot 402. For example, UE1 appears in the first position of
group 406a in time slot 402a. When UE1 moves to group 406g in time slot 402b, UE1 may appear in

the second, third, or fourth position in group 406g instead of in the first position as shown.
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In another embodiment, instead of or in addition to grouping UE1, UE6, UE11, and UE16, for
example, in group 406a, UEs may be grouped across different sub-bands 404 in a given time slot 402.
Such groups for UEs may be designated to share various parameters. For example, UE1, UE2, UE3,
UEA4, and UES may be grouped together and may be designated to share a reference signal and share
the same MCS. Such UEs would have different locations in frequency but may have the same cyclic
shift and thus would share the same hopping pattern. Such a group of UEs may be signaled to tell the

UEs how their resources will be configured.

Note that in all the text of this disclosure, the terminology “UE ID” may represent, but is not limited
to, a RNTL, a GF-RNTT or a C-RNTI or a higher layer ID or a UE index within a group (e.g. the UE
index among the group signaled in RRC for group RNTTI) or a group ID or group RNTI or any
index for identifying the UE.

The resource hopping pattern may be signaled by a combination of a field of VRB index or PRB
index assignment and hopping parameters. In some embodiments, the minimum resource assignment
for grant-free may be signaled in terms of VRB or PRB group index, which consists of a predefined
number of resource blocks. The VRB, PRB, VRB group, or PRB group index may be indicated by
the starting and/or ending RB or RB group index and the number of RBs or the number of RB groups.
The time-frequency resource hopping parameters may be represented by the number of resource
blocks or the number of sub-bands that are cyclically shifted from the assigned VRBs or PRBs at
each time slot within a grant-free frame. The grant-free frame can have as a default length, the frame
length used in LTE or new radio (NR), i.e., the grant-free frame can be the frame used in existing
and future cellular standard (such as LTE and 5G NR). The GF frame length, which is the periodicity
of the hopping pattern, can also be specifically signaled or defined for grant-free transmission (as
discussed with regard to the RRC signaling). The UE and base station can then derive the PRB

indices assigned at time slot index i, frame index | as
Equation 1
PRB'(i,j) = (f(nyge) + g(i) + f(J) + other terms) mod (Ngg)

Equation 2
PRB'(i,j) = (PRBy+ g(i) + f(j) + other terms) mod (Ngg)

where the actual physical resource blocks PRB(i, j) = f'(PRB'(i,j) and f'() is a predefined

mapping function known by both the base station and the UEs. The time slots described herein may
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be a subframe, a TTI, a mini-slot, a slot, a half slot, a frame, an OFDM symbol, a number of OFDM
symbols, or the interval between two grant-free resources, or in general any time interval as
described earlier. Therefore, the time slot index i and slot index i described in this disclosure can be a
subframe index, a slot index, a TTI index, a mini-slot index, an OFDM symbol index, an index of a
half slot, a frame index, a grant-free resource index, an index of grant-free transmission occasions or
transmission opportunities, a repetition number index or an index that is a function of a combination
of the above indices. In some embodiments, the hopping pattern repeats each frame, and the time slot
index can be defined within each frame. For example, if only inter-slot frequency hopping (i.e.,
frequency hopping between different slots) is supported and intra-slot hopping (frequency hopping
between first partition and second partition of a slot) is not supported, time slot index i can be just the
slot index within a frame. On the other hand, if both intra-slot and inter-slot hopping is enabled, the
time slot index i can be the index of a half slot in a frame, e.g., the indexicanbe 2 X n_s + x,
where n_s is the slot index, and x=0 or 1 where O represents the first partition of the slot and 1
represents the second partition of the slot. In another example, the time slot index i can be the index
representing the number of repetitions. For example, a UE may be configured to perform K
repetitions for each transport block (TB). The first transmission of the repetition of the TB
corresponds to index 1=0, the second transmission repetitions of the TB corresponds to index i=1, ...,
and the Kth repetition corresponds to the index i=K-1. In another example, there may be multiple
repetitions per slot. For example, N,..,, represents the number of repetitions per slot. Then, the index i
canbe i = Npg, X n_s + x, where x=0, 1, ..., N, -1 is the repetition index within a slot and n_s is
the slot index. The above description of the time slot index 1 can be applied to all the hopping
descriptions disclosed in this disclosure, including the subscript i used for g(©), fr.op (i), €tc. nygp is
a virtual RB index or in general a VRB group index. f(nygg) is a predefined mapping function from
assigned virtual RBs (signaled in higher layer signaling (e.g. RRC signaling) or DCI) to the RBs
used to calculate PRBs or PRBs of a particular slot or time slot (e.g., at time slot i=0, frame index
j=0). PRBy is an initial PRB index, which can also be signaled in RRC signaling or DCI. The
predefined mapping function may be cell-specific and known by the base station and all UEs. An
example of such predefined function is given in Equation 3 and Equation 4 in the example given
below. g(i) is a sequence representing the number RBs to be cyclically shifted with regard to the
assigned resource blocks (VRBs or f(n,zg) or PRB,) indexed by the time slot index i. The definition
of g(i) may be needed only for index i within a frame or grant-free frame, after which the value of
g(D) will repeat, i.e., 0<=1<=I-1, where I is the total number of time slots within a grant-free frame.

Npgp is the total number of RBs assigned to grant-free transmission, which is used for the cyclic
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shifting such that no PRBs will be outside the assigned Nzp resource blocks. Nz can be predefined,
derived, or signaled using broadcast signaling (e.g. system information SIB) or higher layer signaling
(UE specific or cell specific RRC signaling) or dynamic signaling. f(;) is a function of the frame
index j known by both the base station and the UEs. The term f(j)is optional and may or may not
exist (e.g., f(j)=0). The existence of f{j) means the hopping pattern may change over frames. In an
example, f(j) =j X N35 mod M, where N33 is the number of RBs in the sub-band and M is the
number of frames over which the hopping pattern will repeat. The other terms may be a constant,

may be related to other parameters, e.g., a mirroring pattern, and may also be optional (i.e., can be 0).

In some embodiments, g(i) can be explicitly or implicitly signaled, e.g., in higher layer signaling
(e.g. via RRC signaling) or DCI signaling. In some embodiments, the sequence of the number of RBs
cyclically shifted may be replaced or represented by the sequence of the number of sub-bands to be

cyclically shifted. For example, g(i) may be derived from the following:
9@ = 1D X Nity
where fp,q,, (1) 1s the hopping sequence representing the sub-band index the UE hops to at time slot
index i.
This reduces signaling overhead because g (i) can take values between 0 and Ngg — 1 and f,,,, (1)

may only take values between O and N;; — 1, where N, is the number of sub-bands. Then the

physical resource blocks may be derived based on the following:
PRB(i,j) = (f(nygs) + frop() X NE& + F(j) + other terms) mod (Ngg)

or

PRB'(i,j) = (PRBy + frop()) X N§b + f(j) + other terms) mod (Ngp)

The number of N5 is the number of RBs in each sub-band and can be predefined or signaled. For
example, it may be signaled in higher layer signaling (e.g., in RRC signaling) or broadcast signaling
(e.g., in SIB). fhop (i) represents the number of sub-bands by which the resource hopping pattern
will be cyclically shifted or the sub-band index the resource will hop to as a function of time slot
index i. fyop (1) may only need to be defined between O and N, — 1, where N, is the number of
grant-free sub-bands predefined or signaled (in higher layer signaling (e.g., RRC), broadcast

signaling (e.g., SIB) or DCI). In some embodiments, the sequence fj,, (1), i.€., the subband index at
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a different time slot, is explicitly or implicitly signaled, e.g., using higher layer signaling (e.g. RRC
signaling) or dynamic signaling (e.g. DCI).

In some embodiments, f,,,,(i) or g(i) may be computed and/or signaled as a pseudo-random
sequence as a function of i. In some embodiments, the pseudo-random sequence c(i) represents the
number of subbands or resources blocks shifted from ones slot to the adjacent slot, i.e., fj,5, (i) —
frop(i — 1) or g(i) — g(i — 1) In this case, for a given initial value, f},,, (i), g(i) is also a pseudo-
random sequence as a function of 1. For example, as also described in an example later in this
disclosure fi,op (1) = frop (i — 1) + c(i), where fi,,,(—1) = 0 and c(i) is a pseudo random sequence.
The pseudo-random sequence may be UE-specific such that different UEs may have different
hopping patterns to avoid persistent collisions. The pseudo-random sequence may be generated using
a function of the UE ID or a combination of UE ID and cell ID as a seed or initialized using a
function of the UE ID or a combination of UE ID and cell ID. The UE ID may be the GF-RNTTI or C-
RNTI or a higher layer ID or a UE index within a group (e.g., the UE index among the group
signaled in RRC for group RNTT) or a group ID or group RNTI or a UE index or a UE hopping
index that is used to derive the UE specific hopping pattern. In this scenatio, f,, (£) or g (i) may not
need to be explicitly signaled, and instead, it can be derived from the pseudo-random sequence. The
base station may only need to explicitly or implicitly indicate that the hopping sequence is generated
using the pseudo-random sequence. In some embodiments, if the hopping pattern repeats each frame

as described earlier, the pseudo random sequence can also be re-initialized in each frame.

In some embodiments, fj,,, () or g(i) may be signaled as a function of the slot index i, based on,

for example, frop (i) = frop(0) + (m x (slot index i)) mod Ny, or Jrop (D) = (frop(0) +

(m X (slot index i))) mod Ng,, or g(i) = g(0) + (mo X (slot index i)) mod N, where m is the
number of sub-bands to be cyclically shifted from one slot to the next slot, and m, is the number of
RBs to be cyclically shifted from one slot to the next slot. Equivalently, m can be defined as

m=f hop(z’) -f hop(i —1). The term f3,,(0) and g(0) are the value of the hopping sequences at

time slot with index 0. They are optional and can be default at some value (e.g. default at 0). They
may be explicitly signaled or derived based on other parameters. For example, they may be signaled
via semi-static signaling (e.g., higher layer signaling such as RRC signaling) or dynamic signaling
(e.g. via DCI signaling). When f,,,,(0) and g(0)) are not there or have a default value, in this
scenario, only a single value (instead of a sequence as a function of 1) m and mymay need to be

signaled. m and m, can be signaled. In another words, the BS may signal the cyclic shift value m or
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mgyand optionally the initial subband or RB index to the UE via semi-static signaling (e.g., RRC
signaling) or dynamic signaling (DCI). The signaling may be UE specific. In this case, the resource

block assignments at different time slots can be derived based on the following:
PRB'(i,/) = (f(nyre) + m X i X N5 + f(j) + other terms) mod (Ngp)
or
PRB'(i,j) = (f(nygrp) + mo X i+ f(j) + other terms) mod (Ngg)
or
PRB'(i,j) = (f(nyra) + g(0) + m x i X N§& + f(j) + other terms) mod (Ngg)
or

PRB'(i,j) = (f(nVRB) + frop(0) + my X i + f(j) + other terms) mod (Ngp)

f(nyrg) may be replaced by the assigned PRB index PRB,.

A UE may be configured to perform up to K repetitions for grant-free or grant-based transmission of
a TB. In some embodiment, the time slot index i or slot index i may be the repetition index
(0<=i<=K-1) or grant-free transmission occasion index. In this scenario, the inter-slot hopping
described above can also achieve the effect of inter-repetition hopping. The advantage of such inter-
repetition hopping is to exploit frequency diversity between repetitions as well as avoid multiple UEs
persistently colliding during repetitions. In this scenario, m is the number of subbands cyclic shifted
between two adjacent repetitions or two adjacent grant-free occasions and my is the number of
resource blocks (RBs) shifted between two adjacent repetitions or two adjacent grant-free occasions.
m or m,, can be signaled to the UE using semi-static signaling (e.g., RRC signaling) or dynamic
signaling (e.g., DCI). fj,0,,(0) and g(0) are the initial sub-band index or RB shifting index for the
first transmission repetition of the TB, which can be either optionally signaled by the UE in RRC or
DCI signaling or can be default to a fixed value (e.g., 0) without signaling.

The signaling based on m and m; provides a subset of possible hopping patterns in comparison to
signaling of the sequence f},,,, (1)), which further saves signaling overhead. The resource hopping

patterns of 20 UEs in the example of Figure. 4 can all be signaled using m and m.

In some embodiments, f;,,,,(1), g(i), m or m, may be a function of a type of UE ID. The UE ID
may be the GF-RNTI or C RNTI or a higher layer ID or a UE index within a group (e.g., the UE
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index among the group signaled in RRC for group RNTTI) or a group ID or group RNTI or a UE
index used to determine the resource/RS location and hopping pattern (e.g., in FIG. 4, the UE index
in the figure may be an index that is used to derive the resource and resource hopping pattern, and it
can be signaled by the BS in higher layer signaling, DCI signaling or broadcast signaling). The
function may be known by both the base station and the UE. In such a case, f5,, (i), g(i), m or m,
may not need to be explicitly signaled and UE can derive m or m, from UE ID. In some
embodiments, m may be derived as (UE ID + constant) mod Ny, For example, in FIG. 4,
assuming UEL, UE6, UE11, and UE16 are being configured with the same group ID and have each
being configured a UE index within the group as 1, 2, 3, and 4, respectively. Then based onm =
(UE ID + constant) mod N, assuming constant=0, and N,=5 in FIG. 4, then the system would
have m=1, 2, 3, 4 respectively for UE1, UE6, UE11, and UE16. This means that UE1, UE6, UE11,
and UE16 will cyclically hop 1, 2, 3, 4 subbands from one time slot to the next time slot, which is the
same as the hopping rule defined in FIG. 4. In this example, the UE ID is the UE index among the
group where the group of UEs share the subband index at time slot 0. In some embodiments, the
group ID and the UE index within the group may be derived from a single assigned UE index for
hopping pattern derivation that is signaled in RRC or DCI signaling. In some embodiment, the initial
sub-band index (e.g., frop(0) or g(0), and the cyclic shift value (e.g., m or m,) may be derived from

a single assigned UE index for hopping pattern derivation that is signaled in RRC or DCI signaling.

In some embodiments, a UE may be assigned a UE ID, which is the UE index used to calculate the
resource hopping pattern. The UE index may be signaled in RRC signaling or DCI signaling. For
example, this UE index may be the same as the numbers shown in FIG. 4. Each UE may calculate
the hopping pattern sequence fpo, (i) as a function of the UE index assigned. The sequence may be
calculated in the following way, fr,op (i) = firop(0) + m' X i or, fi0p() = (fiop(0) + m’ X

i) mod Ng),, where fj,5,,(0) is the sub-band index at time slot 0; m’ is the cyclic shift of sub-bands
from one slot to the next slot (i.e., the same as m described before). In some embodiments,

frop(0)and m’ may be explicitly signaled. In some embodiments, they are derived from some UE

UE ID +C2

IDs based on, for example, fy,5,(0) = (UE ID + C1)mod Ng, and m' = l m J + €3, where C1,
sb

C2, and C3 are values that are common to all the UEs in the same frame and same cell. If C1=C2=-1,
C3=1, the hopping pattern obtained from fy,5,, (i) = f,0,(0) + m' X i, 0or f15,() = (fr0,(0) +

m’ x i) mod N, will be the same as the hopping rule defined in FIG. 4 (assuming the UE ID is the
integer number shown in the figure). In some embodiments, f;,,,(0) may be derived as a function of

the group 1D, and m’ is derived as a function of the UE index among the group. For example, if the



10

15

20

25

30

WO 2018/184440 PCT/CN2018/078344
32

groups 406a, 406b, ..., and 406¢ are assigned with a group ID as O, 1, 2, 3, 4, and UE index is
assigned based on the order of the numbers shown in the figure. Then, if the system has f},,,(0) =
(group ID) mod Ny, and m’=UE index among the group, the UE can also derive the same hopping
rule as shown in FIG. 4. In both cases, RS may be explicitly configured or derived as a function of

the UE ID, e.g. RS equals to m’ or a function of m’, which is a function of UE ID, or RS =

l%l + C3. In this case there will be no RS collision at the same resources.
sb

In some embodiments, the RS parameters are derived from the signaled cyclic shift value m’, e.g.,
RS = (m’ + C4) mod Ngg, where Ny is total number of RS index and C4 is a constant. In some
other embodiments, the RS parameters are explicitly signaled in semi-static (e.g., RRC) or dynamic
(e.g., DCI) signaling. Some or all of the hopping pattern/parameters or hopping sequence may be
derived from the RS parameterrs. For example, the UE specific RRC signaling may indicate the RS
parameters (e.g. an RS index) and optionally the initial subband index, while the cyclic shift value m
or m’ may be derived using the assigned RS parameters, e.g., m' = (RS Index + C5)mod Ny,
where CS5 is an integer. An example of RS index is the cyclic shift and OCC index used in LTE.

In some embodiments, when the CTU size is predefined or fixed, the VRB index in Equation 1 may
be replaced by a CTU index in a particular time slot (e.g., CTU O representing CTU index at time
slot 0 and frame 0). The derived PRB index in Equation 1 may be replaced by the CTU index at time
slot index i1 and frame index j. In some embodiments, CTU_0 may be explicitly or implicitly
signaled. In some embodiments, CTU_0 may be derived from a UE ID or group ID (e.g., GF-RNTI,
C-RNTI or group RNTI) based on, for example, CTU_O=group RNTI mod (number of CTUs in a

time slot).

In some embodiments, when the CTU size is fixed or known to the UE, the VRB index may not need
to be explicitly signaled. For example, if the number of RBs in a CTU is fixed at 5, then nyzz; may
default at VRB index {0,1,2,3,4} as if the VRB index {0,1,2,3,4} are signaled.

In some embodiments, the RS index used for a UE may be fixed for a UE and can be explicitly
signaled. In an embodiment, the reference signal used by a UE when the UE hops to a different sub-
band in a subsequent transmission changes from the reference signal used in a previous transmission.
The hopping pattern may be a function of time locations and may be cell-specific (or common for the
UEs in the same cell). So, if a fixed RS assignment does not result in RS collision, the hopped
assignment also does not result in any RS collision. In an embodiment, the reference signal used in a

subsequent transmission is given by the equation
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RS(i,j) = RS, + (slot index i) + (frame index j) modNgg

where RS(i, j) is the reference signal used in a subsequent transmission, RS, is the reference signal
used in a particular slot (e.g., slot index 0 and frame index 0), and Ngs is the total number of
reference signals assigned. In another example, the slot index 1 and frame index j may be replaced as
a pseudo-random sequence as a function of i and the sequence can be initialized using a cell ID.

RS, can be explicitly signaled, ¢.g., in a DCI or group DCI or RRC signaling. In some embodiments,
RS, can also be implicitly derived as a function of UE ID, where the UE ID may be the GF-RNTI or
C-RNTI or a higher layer ID or a UE index within a group (e.g., the UE index among the group
signaled in RRC for group RNTT) or a group ID or group RNTI. All the RS index signaling
methods described in this disclosure may be applicable or can be generalized to MA signature

assignment.

In some embodiments, the resource hopping pattern f},,, (i) may be derived from a pseudo-random
sequence. However, instead of being based on a UE-specific pseudo-random sequence, the pseudo-
random sequence may be group-specific. In some embodiments, instead of considering UEs sharing
the same resource as a group, UEs may be grouped based on re-use of the same RS signal. These
UEs may not be transmitting at the same resources at the same time. Each group may share the same
group ID and UEs within a group may have a different UE index among the group. The group ID and
UE index may be explicitly signaled, e.g. in RRC signaling, or implicitly calculated (e.g. calculated
as a function of a single UE ID that may be signaled to the UE). For example, in FIG. 4, UE 1, UE2,
UE3, UE4, and UE 5 may be grouped into one group with a group ID=0, UE 6, UE7, UE8, UE9, and
UE10 belongs to another group with a group ID=1, .. etc. The UE index may be determined from
the lower number to the higher number in the same group. The sizes of the resources that UEs access
within the same group can be different, which is not shown in the figure, but the UEs may share
some properties, e.g. the same subband index at one slot. The hopping pattern fj,,,, (i) may be
computed as follows: each group of UE may perform a pseudo-random permutation at each time slot
and mapped to the subband one-by-one based on the permutation pattern. For example, if the
permutation pattern is {5,1,2,3,4} at a time slot, the hopping pattern may be the same as the time slot
402b in FIG. 4 for UE1, UE2, UE3, UE4, and UES. The pseudo-random permutation is the same for
all the UEs within a group but may be different for UEs in different groups. This can be done by
using pseudo-random sequence to represents different permutation patterns. For example, there are
Ngp! possible different permutation patterns, therefore, we can generate a pseudo-random sequence

to take an integer value uniformly at random from between 0 and N, -1, which represents all
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possible permutation patterns. There are many different ways to generate a pseudo-random sequence.
An example of pseudo random sequence generation can be found in clause 7.2 in 3GPP TS 36.213.
The pseudo-random sequence can be generated using a seed or initialized as a function of group ID.
Therefore, UEs from the same group will have the same permutation pattern. After determining the
permutation pattern based on the pseudo-random number initialized as a function of group ID, the
UE can determine the sub-band location of the hopping pattern f},, (£) based on the UE index
among the group and the permutation pattern. The RS may be explicitly signaled or implicitly
derived. In some embodiments, the RS can be derived as a function of the group 1D based on, for
example, RS=(group ID +common term) mod (total number of RSs). The common term is optional
and means a term that is the same for all UEs in the same cell, e.g., it can be a function of frame
index, time slot index, etc. If the group ID is set to be continuous integers and there are fewer groups
than the number of RS index, then there will be no RS collisions. In some embodiments, the group
ID and UE index from the group ID can be derived from a single UE ID. The UE ID may be signaled
to each UE for resource configuration (e.g. in RRC or DCI). The UE ID can be a GF-RNTI, C-RNTI,
a higher layer ID, a UE index for calculating GF resources as shown in the FIG. 4, etc. For example,

if the UE 1D is the UE index shown in FIG. 4, the group ID and UE index within the group may be

derived as group ID = lwl + C3 and UE index among the group = (UE ID +

N
C1) mod Ng,; if we take C1=C2=-1, C3=0; in FIG. 4, we can obtain for UE1, UE2, UE3, UE4, UES
in the same group with group ID=0 with UE index 0,1,2,3,4 respectively. UE6, UE7, ..., UE10
belongs to group with group ID=1. In this way, the hopping pattern f},,,, (i) and RS may be derived
from a single UE ID without other signaling and UEs in the group can re-use the same RS. The UEs
belonging to the same group may also be configured using the group signaling, e.g. a group DCI, in
which case, the group ID and UE index among group may be configured, e.g., in RRC signaling.
The UEs may share the RS, VRB index, which can be signaled in group DCI. The hopping pattern of
UEs within a group is different, which can either be generated using the above random permutation
method. In some other embodiments, the hopping pattern may be explicitly or implicitly signaled or
through deriving f},0,(0)) and m” and frop, (i) = frop(0) + M' X i 0r fi5p(0) = (frop(0) + m’ X
i) mod N, where fj,,,,(0) is a function of UE index among the group (e.g.
frop(0) = (UE index among the group) mod Ny, and m’ is a function of the group ID (e.g.
m' = (group ID + C) mod Ng,.

In some embodiments, the hopping pattern may be derived using the signaled RS parameters, e.g.

using RS index signaled in semi-static (e.g. RRC signaling) or dynamic signaling (e.g. DCI
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signaling). The hopping sequence (e.g., frop (i) may be derived using a pseudo random function
initialized by at least the signaled RS parameters. For example, the hopping sequence may be a
pseudo random function with a seeds as a function of the RS parameters. The initialization may also

depends on other parameters, e.g., a UE ID and/or cell ID, in addition to the RS parameters.

In some embodiments, there may be a predefined rule table (e.g. like FIG. 4) to map a UE index to
the hopping pattern. The rule table may be known by both BS and UEs. The UE can derive the
hopping pattern based on the mapping between UE index and resource hopping pattern and/or RS/RS
hopping pattern. The UE index may be signaling (e.g. in RRC or DCI) or is predefined/known by the
UE.

In some embodiments, the resource may be configured/partially configured or updated by group or
multicast signaling, e.g., through group DCI, as in the examples shown in FIG. 3A and 3B.
Throughout this disclosure, group DCI may also refer to a common DCI, group common DCI or a
group common PDCCH, a group common NR-PDCCH, a DCI to a group of UEs, or just a downlink
control channel targeting to a group of UEs. The resource may also be configured in some other slow
type (non-dynamic) of multicast signaling, e.g. a group RRC (RRC targeting to a group of UE). In
some embodiments, the group of UEs may be associated with the same resource at a given subframe.
For example, UE1, UE6, UE11, and UE16 may share the resource 406a. In some embodiments, the
group of UEs may be associated with all the potential UEs accessing the GF resource in one time slot.
The group of UEs may be signaled a common group ID (e.g., group_ RNTI) and a UE-specific UE
index among the group, e.g., in RRC signaling. The UE index may be different for different UEs in
the same group. When sending a group DCI, the group ID (or group RNTI) is used to define the
search space of the DCI signal and CRC is scrambled using the group RNTI. In some embodiments,
the search space of the group common DCI may be in a common search space. A UE can use the
group RNTI to decode the CRC and knows that the group DCl is targeting the group the UE belongs
to. The group of UEs may be signaled a common VRB index or PRB index (PRB,), a common
MCS value, new data indicator (NDI), and redundancy version (RV) etc. in the group DCI. However,
the hopping pattern and RS value of a UE may be different for different UEs in the group, and the
hopping pattern can be associated with the UE index of the group, which may have been previously
configured in the RRC signaling. In a more particular example, the m value may be a function of the
UE index of the group, e.g., = (UE index among the group) mod Ny,

orm = (UE index among the group + constant) mod Ng,. In another example, the group

signaling may explicitly signal f,,,(0) and the hopping parameters m’ may be derived as a function
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of UE index of the group, e.g., m* = (UE index among the group) mod Ny, and fy,5,, (i) = fp0,(0) +
m' X i. fh0,(0) may also be possibly not signaled and take a default value, the default value may be
0. In this case, the hopping pattern does not need to be explicitly signaled for each UE of the group.
The RS value can also be associated with the UE index among the group. For example, RS can be
derived as a function of the UE index among the group, so different UEs in the same group may use
different RSs, e.g.,

RS index = (RS index configured + UE index) mod (total number of RS index) or

RS index = (UE index) mod (total number of RS index). The RS index configured can be
optional. In some embodiments, for resource update or configuration/reconfiguration using the group
DCI, the hopping pattern may be derived using the pseudo random sequence initialized by at least a

UE ID, RS parameters, cell ID, or any combination of them.

In some embodiments, the group RNTI and UE index among the group configured in RRC signaling
may also be used for group ACK/NACK, resource/MCS update through a group DCI. The group
DCI may be a group common NR-PDCCH. The group RNTI and UE index used for group
ACK/NACK, MCS update, and resource update may be the same or different from the group RNTI

and UE index configured for GF resource configuration.

As an example of the use of Equation 1, the number of resource blocks, Npg, may be 25, the PRB
index may range from 0-24, the periodicity may be 2, (that is, there may be two time slots per access
opportunity), and a frame may be 10 milliseconds. Further, returning to FIG. 4, sub-band 404a may
have a PRB index of 0-4, sub-band 404b may have a PRB index of 5-9, sub-band 404c may have a
PRB index of 10-14, sub-band 404d may have a PRB index of 15-19, and sub-band 404e may have a
PRB index of 20-24. UE14, as an example, is in group 406d in time slot 402a and thus has a PRB
index of 15-19 in time slot 402a. If UE14 has been given a cyclic shift value of m=3 and the number
of resource blocks per sub-band is N35=5, UE14 will shift by 3 multiplied by 5 from one slot to the
next slot, so UE14 will have a cyclic shift of 15 from one slot to the next slot. That is, the UE-
specific cyclic shift value for UE14 is my=15=(3*5). Thus, at time slot 402d, the PRB index for
UE14 becomes (15+15*3+0) mod (25), which equals 10. So in time slot 402d, which is a cyclic shift
of 3 away from time slot 402a, UE14 will have a PRB index of 10-14 and will therefore use sub-
band 404¢ and be in group 406r.

A resource hopping pattern may be defined by VRB or PRB assignment at one time slot and by a
resource hopping parameter. In an embodiment, the resource hopping parameter is explicitly signaled

by the base station. In another embodiment, the resource hopping parameter is indicated by the
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specific sub-band index at a different time unit. In another embodiment, the resource hopping
parameter is configured using a cyclic shift value with respect to the time unit and optionally the
initial sub-band index. In another embodiment, the resource hopping parameter is indicated by the
sub-band index derived from a pseudo-random sequence. The pseudo-random sequence may be UE-
specific. For example, the pseudo-random sequence can be initialized as a function of UE ID. The
pseudo-random sequence may include a cell ID as well. The pseudo-random sequence can also be
initialized as a function of RS index. The following provides a detailed example of configuration and
derivation of a resource hopping pattern from an assigned VRB index and hopping sequence.

However, the actual equations/rules for the resource hopping pattern may be varied.

If uplink frequency hopping with a predefined hopping pattern is enabled, the set of physical

resource blocks to be used for transmission in slot », is given by the VRB assignments in DCI or

RRC signaling together with a predefined or signaled pattern according to the following equations.

o (1,) = (o + Frop 0 Nty + (N2 = 1)~ 207 mod V3, ) 7, (D) mod(NE, - N, )
Ln /ZJ inter — subframe hopping
intra and inter — subframe hopping

Hyxs (1) N, =1
ers (1) pRB(nHNHO/ﬂ N, >1

Nsb = ]
e =9, NHO 2] N, -1

where n.,; is obtained from the resource block assignment explicitly signaled in DCI or RRC
signaling. The parameter pusch-HoppingOffset, N5 | is provided by higher layers. 7y is a virtual
resource block assignment. f,,p(i) designates which sub-band to hop to. The above random sequences
are initialized with a function of the UE ID in order to make the hopping UE-specific. In some
embodiments the UE ID alone is used, and in some embodiments the UE ID is used together with the

cell ID. The mapping function £°() and f{) used in this example is given by

Equation 3
Mo (n) = Ty (1) Ny =1
e ) ﬁPRB (ns) + ’VNI?]? /2—‘ Nsb > 1

and
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Equation 4
oo yrp N, =1
e nVRB_’_NleJg/Z—‘ Ny >1

In the example, the size N5, of each sub-band is given by

Npy Ng =1

s :{ [k~ NES - NES mad2)/N, ] Wiy 1

The number of sub-bands N, is given by higher layers. The function f,,(i) € {0.1} determines whether

mirroring is used or not. The mirroring pattern terms may be optional. The parameter Hopping-mode

provided by higher layers determines if hopping is inter-subframe or intra and inter-subframe.

The hopping function f;,,() and the function 1,,(7) are given by

0 Ny =1
10+9
aopli=D+ Zc(k)xz"*“"o“))mostb Ny =2
Jhop @ = k=i1041
i10+9

(fagpi=D+ [ Z e(leyx 210D ] mod(Ny, -+ 1Dmod Ny, Ny, > 2

k=i10+1

imod 2 Ny =1 and intra and inter — subframe hopping
S () =9CURRENT_TX _NBmod2 Ny =1 and inter —subframe hopping
¢(i-10) Ng >1

Jhop(=D =0 and the pseudo-random sequence () are given by clause 7.2 in 3GPP TS 36.213.
CURRENT _TX NB indicates the transmission number for the transport block transmitted in slot x, .

= (NS UE _ID), or

The pseudo-random sequence generator may be initialized with ¢

Conit = S (N ICSU)~

init

In the example, fhop(i) may also be explicitly signaled or signal a value m where fj,, (i) = (m X
i) mod Ngy, or frop (i) = (m X i) mod Ny, + f1,0p(0) Or f35,(8) = (M X i+ fi0p(0)) mod Ngp.

In some embodiments, there may be a single hopping pattern field in the signaling, where some value
of the field is referring to a hopping sequence generated using a UE-specific or group-specific
pseudo-random sequence. Some other values may represent explicit signaling of the hopping pattern.

For example, it may explicitly signal m or f},,,(0) and m’.
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Note that although all the hopping pattern configuration, derivation and signaling methodology are
described based on hopping over different frequency, e.g. in different band or subband. The same
methodology/mechanism/signaling may be applicable to a hopping over resources at different time
slot or hopping at resource in a combination of different frequency bands and different time slots. A
subband described in this disclosure can represent any frequency partitions, such as a subband, a
carrier, a subcarrier, a bandwidth part, a resource block or a resource block group, a number of

subcarriers, a number of resource blocks, and a resource block group.

A base station may send signaling to a grant-free UE indicating the time and frequency resources the
UE is to use in grant-free uplink transmissions. In an embodiment, the signaling includes a resource
block index (PRB index of UE-specific grant-free resources at time slot 0 and frame 0 or VRB
index), for example. The resource block index may specify the beginning and ending of a resource
block, or may specify the beginning and the number of resource blocks, or may specify a specific
resource block index. Such signaling may be done in RRC signaling or in DCI, and may include an
initial PRB or VRB index. The signaling may further include a reference signal index, which may be
indicated for one time slot and which may hop over time. Such signaling may be done in RRC
signaling or in DCI and may include an initial reference signal index. Alternatively, the reference
signal index may be implicitly signaled according to the index of a UE among a group. The signaling
may further include a UE-specific cyclic shift value between two time slots. Such signaling is one
way to designate a hopping pattern. Such signaling may be done in RRC signaling or in DCI. More
generally, the signaling may include a UE-specific hopping pattern fy,,,, (i), where i is a slot index.
The signaling may further include a total number of grant-free resources (Npg) or a number of sub-
bands (ng,). The number of RBs in each sub-band or CTU size may be signaled or derived from Ngp
and ng,. Such signaling may be broadcast signaling or higher layer signaling, for example in the SIB
or RRC signaling. The signaling may further include a number of resource blocks in each sub-band
(Nsp). Such signaling may be broadcast signaling, for example in the SIB. The signaling may
optionally include a periodicity of the hopping pattern, which is the number of time units between
frames, with a default at each frame. Such signaling may be done in RRC signaling. The signaling
may also optionally include a time interval between two grant-free regions (or a periodicity), with a
default at one TTI. That is, multiple resource regions may be configured over time, and the time
interval may designate how many slots are present and the time between the slots, such as the time

slots 402 in FIG. 4. Such signaling may be done in RRC signaling.
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In an embodiment, a base station may explicitly signal to a UE an amount, fj,,, (i) or g(i), by which
the UE is to hop from one sub-band to another. In an embodiment, f,, (i) or g(i) is a function of a

UE index m based on the following equations:

frop(t) = m X (slot index) mod (total number of sub — bands)

g(i) = m X (slot index) x NS5 mod (total number of RBs)

A resource hopping parameter designates which resource blocks are to be used and which hopping
parameter is to be used. In the resource hopping parameter, the base station may explicitly designate
which sub-band a UE is to hop to. The base station may also designate how many resource blocks a

UE is to shifi by in the next slot.

In an embodiment, a configuration or update of the resources to be used by a plurality of grant-free
UEs in the coverage area of a cell is achieved through multicast signaling to groups of UEs in the
cell, such as the groups 406 of FIG. 4. The multicast signaling may configure resources for a group
of UEs at the same time. The group of UEs may share the same grant-free resources at one TTL. In an
embodiment, the group of UEs share the same grant-free resources at one particular slot of the frame
(e.g., time slot index 0) or the same initial transmission. The multicast signaling can be implemented
by a group common DCI or by slow multicast signaling. The multicast configuration signaling may
include the initial grant-free resources common to the group of UEs or the common resources at a
given TTI. The signaling may further include reference signal parameters that may not be common to
a group. A reference signal index can be implicitly signaled according to the index of a UE among
the group. The signaling may further include a resource hopping pattern for different time slots or for
repetition/retransmission. The resource hopping pattern may be different for each UE in a group and

may also be implicitly signaled according to a UE index among the group.

Furthermore, the multicast signaling may be done using a group common NR-PDCCH or a group
DCI. The group DCI resource configuration may be performed as follows. A group common DCI
search space may be defined by a group Radio Network Temporary Identifier (RNTI), and a cyclic
redundancy check (CRC) may be scrambled by the group RNTI. In the group DCI, a resource block
assignment may be made for an initial transmission or for a given time slot for all the UEs within the
group. Reference signal parameters (such as a cyclic shift value) may be configured for a given time
slot or for the initial transmission for a UE with index 0. Indices for other UEs may be derived using
the UE index among the group, such that no two UEs have the same reference signal in the same

resource based on, for example,
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RS index = (RS index configured + UE index) mod (total number of RS index) or

RS index = UE index mod (total number of RS index). If the RS index is defined only in
terms of the UE index, the RS index does not need to be explicitly signaled. A reference signal for
other time slots may be derived from a given time slot. In addition, a resource hopping pattern may
be configured. A UE-specific resource hopping pattern may be determined by a UE index based on,

for example, m = UE_index mod Ng,.

In an embodiment, unicast RRC signaling may be used to configure a group RNTI for a group

common DCI and to configure a UE index in the group RNTL

In an embodiment, resource configuration is performed only for an initial transmission, and
retransmission resources are not configured. Retransmission resources may rely on grant-based

transmissions.

In some embodiments, grant-free initial transmission resources and retransmission/repetition
resources are configured separately. As described in more detail below, grant-free transmissions may
be configured to perform repetitions a defined number of times, K. The maximum number of
repetitions may be configured. A UE may stop the repetitions before the maximum is reached if the
UE receives an ACK. In this scenario, grant-free retransmission resources can be configured using a

resource hopping pattern.

In other embodiments, grant-free initial and retransmission resources are configured together. In such
a case, a UE can use any of the configured grant-free resources for initial transmissions and

retransmissions.

In an embodiment, two types of grant-free resources are configured. Type 1 resources are cell-
specific and are configured using broadcast signaling. UEs can access Type 1 resources without
further configuration. Type 2 resources are UE-specific and are configured using a combination of
broadcast signaling and unicast/multicast signaling. UEs can access the resources only after the
unicast/multicast configuration. Type 1 resource can be used for UEs in an idle or inactive state, but
UEs in other states, e.g., active state, are not precluded from using Type 1 grant-free resources. Type
2 resources can be used only for UEs in an active state. Type 1 resources and Type 2 resources can
overlap or can be completely separate. Type 1 resources can be configured in the system information
block (SIB), which may contain information on the location of time/frequency resources/resource
pools and a reference signal pool. Type 2 resources can be configured in the SIB plus RRC signaling,
where the SIB contains common resource information, such as total number of resource blocks and a

sub-band size for hopping, and where the RRC signaling contains a UE-specific resource allocation.
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A reference signal/multiple access signature can be randomly selected by the UEs from a reference
signal pool for Type 1 grant-free resources and can be semi-statically preconfigured for Type 2

grant-free resources.

A difference between the two types of resources is that for Type 1, information is received only in
the broadcast signaling, and a UE can access the resources without any UE-specific configuration. A
Type 2 resource can only be used for a UE in the active state. For a UE to obtain resources, the UE
first needs to receive configuration information from RRC signaling. Type 1 and Type 2 resources
may be separated in the time/frequency domain. As an example, there may be a pool of 100
reference signals/MA signatures and, for Type 1 grant-free resources, the UE may randomly select
one of the reference signals/MA signatures. For a Type 2 UE, the MA signature/reference signal may
be semi-statically configured. A reference signal may be assigned and a potential resource may be

associated with the reference signal.

For Type 1, a UE can decode the SIB information before the UE directly transmits grant-free data
without waiting for or relying on any of the UE-specific resource configuration information. A Type
1 UE relies on SIB, which the UE can decode immediately, without having any cell association. That
is, for Type 1, all the needed resources (including time-frequency resources, MA signature/reference
signal resources, and MCS) are available. A Type 1 UE can know to begin using resources by
randomly choosing from the pool of reference signals. A Type 1 UE does not need to be told which

specific resources to use. Type 2 signaling gives an individual UE a specific configuration.

In an embodiment, grant-free resources for a UE are configured in different time slots, where the
resources are indicated using one or more of an access interval/periodicity of grant-free resources, a
time/frequency location of a grant-free resource in a given slot, a resource hopping pattern, and,
optionally, a periodicity of repetition of the resource hopping pattern. The size of the time/frequency
location of the grant-free resource configured can be UE-specific and may not be the same among all
grant-free UEs. The hopped resources may be configured using a resource hopping pattern that can
be used for both initial transmission and retransmission or used for retransmission only. The resource
hopping pattern can include two types. Type 1 is an explicit configuration of a UE-specific hopping
pattern. Type 2 is a pseudo-random hopping pattern that is UE-specific. The resource configuration
may be signaled using broadcast signaling plus RRC signaling or using broadcast signaling plus
RRC signaling plus DCI. In the Type 1 resource hopping pattern, the PRB index can be derived as a
function of one or more of the VRB index of one time slot that is explicitly configured or signaled, or

a number of PRBs or sub-bands cyclically shifted from one time slot to next time slot. The number
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of PRBs cyclically shifted from one time slot to next time slot can be calculated as an integer index
m multiplied by the number of resource blocks of a grant-free sub-band (Nsb), where Nsb can be
configured in SIB. The index m is configured to be different for UEs that share common resources
within a grant-free sub-band. In the Type 2 resource hopping pattern, the PRB index can be derived
as a function of the VRB index of one time slot that is explicitly configured or signaled. Additionally
or alternatively, a number of PRBs cyclically shifted from one time slot to next time slot is computed
as a function of a pseudo-random sequence that changes at each time slot, where the pseudo-random
sequence is initialized as a function of UE ID. Thus, each UE uses a different pattern of pseudo-
random hopping. This is in contrast to LTE grant-free scenarios, where hopping is cell-specific and
the UEs in a cell use the same pattern because the pattern is initialized on the cell ID. In some
embodiments, whether type 1 or type 2 resource hopping pattern is used is configurable, e.g., using
semi-static (e.g. RRC) or dynamic (e.g. DCI) signaling. In some embodiment, type 1 or type 2
resource hopping pattern may be a part of hopping index signaled to the UE for hopping pattern

derivation.

Configuration of reference signal parameters can be derived as a function of one or more of an initial
reference signal value explicitly configured or signaled or the reference signal hopping as a function
of time slot or frame index, where the hopping pattern is the same for UEs that share common grant-

free resources in a given time slot.

In an embodiment, multicast signaling is used to configure or update a grant-free resource allocation
to a group of UEs, where the resource allocation includes time/frequency resources, reference signal
parameters, an MCS, and a periodicity. The time/frequency resources for one given time slot are
configured commonly for all UEs. The reference signal and resource hopping pattern are a function
of a UE index among the group. A new reference signal may be determined based on a configured

reference signal according to
RS = (configured RS + UE index) mod (total number of reference signals).

A resource hopping pattern may be used, where a cyclic shift value, m, is a function of a UE index
(m = f(UE_index)). The multicast signaling may be configured using a group common DCI. In the
RRC configuration, a grant-free group RNTI and a UE index among the grant-free group are
configured. In the group common DCI, a grant-free group RNTI is used for defining the search space
and scrambling the CRC. The reference signal, MCS, and time resources are configured to be the
same among the group, and the initial frequency resource and the resource hopping pattern are

different among the group. The frequency resources of different UEs in the group are mapped to a
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different frequency partition (sub-bands) for each time slot. The location of the sub-band index of a
UE is implicitly indicated by a UE index among the group. In some embodiment, the hopping pattern
is implicitly calculated based on a pseudo-random permutation pattern that changes each time slot.

The pseudo-random pattern is group-specific (e.g., with a seed initialized with a group RNTI).

There may be multiple bandwidth parts (BWPs) configured for each grant-free UE. One or more
number of BWPs can be active at each time slot. The resource hopping pattern or frequency hopping
pattern can be configured for each bandwidth part (BWP). The hopping may be defined within one
BWP, i.c., the frequency sub-band the UE hops to at different time slot belongs to the same BWP. In
some other embodiments, the frequency hopping pattern can be defined for different BWP, i.e., UE
may hop to different BWP at different time slot. As mentioned above, a UE may be configured to
repeat a grant-free transmission a defined number of times, K. Methods for determining an

appropriate value for K will now be considered.

Current techniques for determining K are cell-based, and K may be determined by a latency
boundary. For example, for URLLC, K can be configured as 6 slots for a 60 kHz numerology slot-

based framework.

In an embodiment, K is made to be UE-specific to improve performance. That is, each of the UEs in
a plurality of UEs in the coverage area of a cell is assigned a K value based on different values of
parameters associated with the UEs. For example, K values may be assigned based on a UE’s
location within the cell, based on signal conditions experienced by the UE, or based on combinations
of such UE-specific parameters. Making K UE-specific reduces unnecessary repetitions for some
UEs and helps avoid unnecessary ACKs for early repetition stoppage. In an embodiment, K is based
on a UE’s channel conditions or measurements. A UE can be configured with a single K, or multiple
K values may be used for a single UE. The configuration of K can be semi-static or dynamic as

needed.

In an embodiment, given a UE’s long-term channel measurements and reliability and/or latency
requirements, K may be chosen to satisfy any of several conditions. Among the conditions to be
considered are associated factors such as sub-band size, resource allocation size, numerology,
slot/mini-slot structure, MCS, and application/traffic types. That is, different K values may be used
for different numerologies, different K values may be used for different slot types, and different K

values may be used for different resource allocation sizes.

K may need to satisfy latency requirements (if any), so K may be less than or equal to a latency

related threshold. For example, K=6 for a 60 kHz slot frame structure. K may also need to be
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minimized. The K repetitions may need to achieve a reliability requirement as needed. For example,
taking an offline simulation signal-to-interference-plus-noise ratio (SINR) to block error rate (BLER)
table, for an estimated SINR, the smallest K can be estimated, with optionally some margin to be

conservative.

In an embodiment, a UE is configured with multiple K values, which may allow the UE to adapt to
channel and environment variations and/or mobility changes. That is, if a UE changes locations or
experiences a change in channel conditions, the UE may select one of its multiple values of K as
appropriate for the changed location or changed channel conditions. For example, a UE may select a
lower value of K when near a cell center and may select a higher value of K when near a cell edge.
Alternatively or additionally, a UE may select a lower value of K when channel conditions are
relatively good and may select a higher value of K when channel conditions are relatively poor. The
base station may blindly detect the different values of K repetitions. Alternatively, the UE may signal

the base station to inform the base station which K value the UE is using.

When a single UE-specific K value is used, K can be set conservatively enough to achieve the
relevant requirements. HARQ signal combining can be performed on some or all of the K repetitions.
Optionally, the K repetitions can be terminated by an ACK message from the base station or by a UL
grant message from the base station In cases where one occasion with K repetitions fails,
retransmission of the failed packet can be made. In such a case, another occasion with K repetitions
can be implemented, or a different number M (M # K) of the repetitions may be made. HARQ signal

combining can be performed on some or all of the repetition/retransmission signals.

When multiple UE-specific K values are used, the base station may continue to detect and decode the
UE repetition signals until the maximum K is reached. HARQ signal combining may be performed
on some or all of the K repetitions. For each of the K values, the base station can optionally provide
feedback to the UE. Optionally, the K repetitions can be terminated by an ACK message from the

base station or by a UL grant message from the base station.

In an embodiment, a UE can signal, explicitly or implicitly, to the base station to indicate to the base
station the K value or values the UE is using. For example, the UE may use different resource
allocations and/or sizes to map to different K values. Alternatively, the UE may use different

reference signals to indicate different K values.

A UE may signal a K value to a base station using a semi-static signaling configuration. A semi-

static signaling configuration may be beneficial in reducing signaling overhead.
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Alternatively, a UE may signal a K value to a base station using dynamic signaling. Dynamic

signaling may be beneficial in a fast update situation, for example for fast mobile UEs.

In an embodiment, a UE can determine an appropriate K value based on measurements related to
communications engaged in by the UE. For example, during a UE’s initial network entry, a base
station typically makes network-based UL measurements on the initial transmission signals, such as
signal strength and SINR. A UE may receive such measurement results and use the results to
determine an appropriate K value. Alternatively or additionally, a UE can use its downlink
measurements such as Reference Signal Receive Power (RSRP) and Channel Quality Indicator (CQI)
to determine an appropriate K value. Base station background noise and interference level

measurements may also be taken into account in determining an appropriate K value.

FIG. 5 illustrates an exemplary flowchart of an embodiment method 500 for grant-free (GF)
transmissions. Method 500 starts at step 502, where a user equipment (UE) may receive a Radio
Resource Control (RRC) signal. The RRC signal may specify at least one UE-specific GF radio
network temporary identifier (GF-RNTI). The UE-specific GF-RNTI is different from a cell-RNTI
(C-RNTI) for a grant-based initial transmission or retransmission of the grant-based initial

transmission.

At step 504, the UE may perform a GF UL transmission. The UE may perform the GF UL

transmission without waiting for a downlink control information (DCI) signal.

In some embodiments, the UE may detect the DCI signal in a search space of a physical downlink
control channel (PDCCH) using the GF-RNTI. The DCI signal may comprise information about a
retransmission related to the GF transmission. The DCI signal may also comprise GF specific
configuration parameters. The UE may detect the DCI signal in the search space of the PDCCH
using the GF-RNTI by descrambling a cyclic redundancy check (CRC) of the DCI signal in
accordance with the GF-RNTTI and performing a CRC check of the DCI signal using the descrambled
CRC.

In some embodiments, the UE may perform the GF UL transmission in response to the receiving the
RRC signal and before detection of the DCI signal. In some embodiments, before receiving the RRC,
the UE may perform initial access by sending a preamble through a random access (RA) channel

(RACH).

FIG. 6 illustrates an exemplary flowchart of an embodiment method 600 grant-free (GF) uplink (UL)
transmissions by a user equipment (UE) in a group of UEs. Method 600 starts at step 602, where a
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UE may receive a Radio Resource Control (RRC) signal. The RRC signal may specify a GF group
Radio Network Temporary Identifier (RNTI) and a UE index. The GF group RNTI may be
commonly shared by the group of UEs. The UE index may be assigned to the UE. Further, the UE
index may be different from the UE indices assigned to other UEs in the group of UEs.

At step 604, the UE may receive a multicast signal. The multicast signal may specify at least
frequency resources and Modulation and Coding Scheme (MCS) to be shared by the UEs in the
group. In some embodiments, the multicast signal may be a group common downlink control
information (DCI) signal addressed to the group of UEs sharing the GF group RNTI. The GF group
RNTI may be used for scrambling a cyclic redundancy check (CRC) of the group common DCIL

At step 606, the UE may perform GF UL transmissions. The UE may perform GF UL transmissions
in accordance with the GF group RNTIL the UE index, the frequency resources, and the MCS.

In some embodiments, the UE may determine a reference signal in accordance to the UE index. In
those embodiments, the UE may perform the GF UL transmissions in accordance with the
determined reference signal, the GF group RNTI, the frequency resources, and the MCS. The
reference signal may be determined based on a currently configured reference signal, the UE index,

and a total number of available reference signals.

In some embodiments, the UE may determine a hopping pattern based the UE index. The UE may
perform the GF UL transmissions in accordance with the GF group RNTI, the UE index, the
frequency resources, the MCS, and the determined hopping pattern. The determined hopping pattern
of the UE may be different from hopping patterns of other UEs in the group of UEs.

In some embodiments, the UE may receive a UE-specific RRC signal. The UE specific RRC signal
may specify a periodicity. The UE may perform the GF UL transmissions in accordance with the GF
group RNTI the UE index, the frequency resources, the MCS, and the periodicity.

FIG. 7 illustrates an exemplary flowchart of an embodiment method 700 for grant-free (GF) uplink
(UL) transmissions. Method 700 starts at step 702, where a user equipment (UE) may receive a UE-
specific resource hopping pattern assigned to the UE. The UE-specific resource hopping pattern may
comprise hopping information. The hopping information may be associated with a sub-band that the

UE hops to at each corresponding time slot of a plurality of time slots.

In some embodiments, the hopping information may indicate the sub-band that the UE hops to at

each corresponding time slot of the plurality of time slots. The hopping information may comprise a
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UE-specific cyclic shift value. The UE-specific cyclic shift value may indicate a number of sub-

bands to be cyclically shifted by the UE from one time slot to a next time slot.

At step 704, the UE may perform GF UL transmissions according to the UE-specific resource
hopping pattern. In some embodiments, the sub-band that the UE hops to at each corresponding time
slot may be determined based on the UE-specific cyclic shift value. In one embodiment, the sub-
band that the UE hops to at each corresponding time slot may be determined based on the UE-
specific cyclic shift value and an initial sub-band for the UE. In another embodiment, the sub-band
that the UE hops to at each corresponding time slot may be determined based on a UE identifier. For
example, the sub-band that the UE hops to at each corresponding time slot may be determined based
on a UE-specific pseudo random sequence initialized by the UE identifier. In some embodiments, the
UE identifier may be a UE-specific GF radio network temporary identifier (GF-RNTI). In yet
another embodiment, the sub-band that the UE hops to at each corresponding time slot may be

determined based on a UE-specific hopping index assigned to the UE.

In some embodiments, the sub-band that the UE hops to at each corresponding time slot may be
determined based on a UE-specific cyclic shift value derived from the UE-specific hopping index
and an initial sub-band for the UE derived from the UE-specific hopping index. In some
embodiments, the sub-band that the UE hops to at each corresponding time slot may be determined
based on an identifier of a group of UEs. For example, the sub-band that the UE hops to at each
corresponding time slot may be determined based on a group-specific pseudo random sequence
initialized by the identifier of the group of UEs. In one embodiment, the identifier of the group of
UEs may be a group Radio Network Temporary Identifier (RNTI). In another embodiment, the
identifier of the group of UEs is determined based on a UE-specific hopping index.

In some embodiments, the UE may determine a reference signal based on a UE-specific hopping

index.

In some embodiments, to perform the GF UL transmissions, the UE may determine a sub-band the
UE hops to at a time slot based on the hopping information. Next, the UE may derive a physical
resource block (PRB) index at the time slot in accordance with the determined sub-band, a total
number of resource blocks (RBs) in the determined sub-band, and a total number of RBs assigned to
the GF transmissions. Then, the UE may perform the GF UL transmissions at the time slot in

accordance to the derived PRB index.

In accordance with an embodiment of the present disclosure, a method for grant-free resource

configuration includes configuring a first type of grant-free resource, wherein the first type of grant-
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free resource is cell-specific and is configured using broadcast signaling, and wherein the first type
of grant-free resource is accessible to a UE without further configuration; and configuring a second
type of grant-free resource, wherein the second type of grant-free resource is UE-specific and is
configured using a combination of broadcast signaling and unicast/multicast signaling, and wherein
the second type of grant-free resource is accessible to a UE only after the configuration using

unicast/multicast signaling.

In accordance with an embodiment of the present disclosure, a method for configuring grant-free
resources for a UE includes indicating a first time and frequency location of the grant-free resources
in a first TTI; and indicating a resource hopping pattern, wherein the resource hopping pattern
indicates a pattern according to which the UE is to move to different time and frequency locations in

subsequent TTIs.

In accordance with an embodiment of the present disclosure, a method for configuring a grant-tree
resource allocation to a group of UEs includes configuring time and frequency resources for one TTI
commonly for all UEs in the group; configuring a reference signal and a resource hopping pattern as
a function of a UE index in the group; and multicasting the grant-free resource allocation to the
group, wherein the grant-free resource allocation includes the time and frequency resources,

reference signal parameters, and an MCS to be used by the UEs in the group.

In accordance with an embodiment of the present disclosure, a method for grant-free transmission
includes repeating a grant-free transmission a defined first number of times, wherein the defined
first number of times is based on a value of at least one parameter associated with a UE making the

grant-frec transmission.

FIG. 8 illustrates a block diagram of an embodiment processing system 800 for performing methods
described herein, which may be installed in a host device. As shown, the processing system 800
includes a processor 804, a memory 806, and interfaces 810-814, which may (or may not) be
arranged as shown in the figure. The processor 804 may be any component or collection of
components adapted to perform computations and/or other processing related tasks, and the memory
806 may be any component or collection of components adapted to store programming and/or
instructions for execution by the processor 804. In an embodiment, the memory 806 includes a non-
transitory computer readable medium. The interfaces 810, 812, 814 may be any component or
collection of components that allow the processing system 800 to communicate with other
devices/components and/or a UE. For example, one or more of the interfaces 810, 812, 814 may be

adapted to communicate data, control, or management messages from the processor 804 to
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applications installed on the host device and/or a remote device. As another example, one or more of
the interfaces 810, 812, 814 may be adapted to allow a user or user device (e.g., personal computer
(PC), etc.) to interact/communicate with the processing system 800. The processing system 800 may
include additional components not depicted in the figure, such as long term storage (e.g., non-volatile

memory, etc.).

In some embodiments, the processing system 800 is included in a network device that is accessing,
or part otherwise of, a telecommunications netwo900rk. In one example, the processing system 800
is in a network-side device in a wireless or wireline telecommunications network, such as a base
station, a relay station, a scheduler, a controller, a gateway, a router, an applications server, or any
other device in the telecommunications network. In other embodiments, the processing system 800
is in a user-side device accessing a wireless or wireline telecommunications network, such as a
mobile station, a user equipment (UE), a personal computer (PC), atablet, a wearable
communications device (e.g., a smartwatch, etc.), or any other device adapted to access a

telecommunications network.

In some embodiments, one or more of the interfaces 810, 812, 814 connects the processing system
800 to a transceiver adapted to transmit and receive signaling over the telecommunications network.
FIG. 9 illustrates a block diagram of a transceiver 900 adapted to transmit and receive signaling over
a telecommunications network. The transceiver 600 may be installed in a host device. As shown, the
transceiver 900 comprises a network-side interface 902, a coupler 904, a transmitter 906, a receiver
908, a signal processor 910, and a device-side interface 912. The network-side interface 902 may
include any component or collection of components adapted to transmit or receive signaling over a
wireless or wireline telecommunications network. The coupler 904 may include any component or
collection of components adapted to facilitate bi-directional communication over the network-side
interface 902. The transmitter 906 may include any component or collection of components (e.g., up-
converter, power amplifier, etc.) adapted to convert a baseband signal into a modulated carrier signal
suitable for transmission over the network-side interface 902. The receiver 908 may include any
component or collection of components (e.g., down-converter, low noise amplifier, etc.) adapted to
convert a carrier signal received over the network-side interface 902 into a baseband signal. The
signal processor 910 may include any component or collection of components adapted to convert a
baseband signal into a data signal suitable for communication over the device-side interface(s) 912,
or vice-versa. The device-side interface(s) 912 may include any component or collection of
components adapted to communicate data-signals between the signal processor 910 and components

within the host device (e.g., the processing system 800, local area network (LAN) ports, etc.).
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The transceiver 900 may transmit and receive signaling over any type of communications medium.
In some embodiments, the transceiver 900 transmits and receives signaling over a wireless medium.
For example, the transceiver 900 may be a wireless transceiver adapted to communicate in
accordance with a wireless telecommunications protocol, such as a cellular protocol (e.g., long-term
evolution (LTE), etc.), a wireless local area network (WLAN) protocol (e.g., Wi-Fi, etc.), or any
other type of wireless protocol (e.g., Bluetooth, near field communication (NFC), etc.). In such
embodiments, the network-side interface 902 comprises one or more antenna/radiating elements. For
example, the network-side interface 902 may include a single antenna, multiple separate antennas, or
a multi-antenna array configured for multi-layer communication, e.g., single input multiple output
(SIMO), multiple input single output (MISQ), multiple input multiple output (MIMO), etc. In other
embodiments, the transceiver 900 transmits and receives signaling over a wireline medium, e.g.,
twisted-pair cable, coaxial cable, optical fiber, etc. Specific processing systems and/or transceivers
may utilize all of the components shown, or only a subset of the components, and levels of

integration may vary from device to device.

It should be appreciated that one or more steps of the embodiment methods provided herein may be
performed by corresponding units or modules. For example, a signal may be transmitted by a
transmitting unit or a transmitting module. A signal may be received by a receiving unit or a
receiving module. A signal may be processed by a processing unit or a processing module. Other
steps may be performed by a configuring unit/module and/or an indicating unit/module. The
respective units/modules may be hardware, software, or a combination thereof. For instance, one or
more of the units/modules may be an integrated circuit, such as field programmable gate arrays

(FPGAS) or application-specific integrated circuits (ASICs).

In one example embodiment for grant-free (GF) uplink (UL) transmissions by a user equipment (UE)
in a group of UEs, the UE receives a Radio Resource Control (RRC) signal specifying a GF group
Radio Network Temporary Identifier (RNTI) and a UE index. The GF group RNTI may be used for
scrambling a cyclic redundancy check (CRC) of the group common DCI. The GF group RNTI is
commonly shared by the group of UEs, and the UE index is assigned to the UE. The UE index is
different from UE indices assigned to other UEs in the group of UEs.

Then, the UE receives a multicast signal specifying at least frequency resources and a Modulation
and Coding Scheme (MCS) to be shared by the UEs in the group. The multicast signal may be a
group common downlink control information (DCI) signal addressed to the group of UEs sharing the

GF group RNTL
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Next, the UE performs GF UL transmissions in accordance with the GF group RNTI, the UE index,
the frequency resources, and the MCS. The UE may perform the GF UL transmissions by
determining a reference signal in accordance to the UE index and performing the GF UL
transmissions in accordance with the determined reference signal, the GF group RNTI, the frequency
resources, and the MCS. The reference signal may be determined based on a currently configured

reference signal, the UE index, and a total number of available reference signals.

Further, the UE may determine a hopping pattern based the UE index. The hopping pattern of the UE
is different from hopping patterns of other UEs in the group. The UE may perform the GF UL
transmissions in accordance with the GF group RNTI, the UE index, the frequency resources, the

MCS, and the determined hopping pattern.

The UE may also receive a UE-specific RRC signal specifying a periodicity. The UE may perform
the GF UL transmissions in accordance with the GF group RNTI, the UE index, the frequency
resources, the MCS, and the periodicity.

In one example embodiment for grant-free (GF) uplink (UL) transmissions, a UE receives a UE-
specific resource hopping pattern assigned to the UE. The UE-specific resource hopping pattern
comprises hopping information associated with a sub-band the UE hops to at each corresponding
time slot of a plurality of time slots. The hopping information indicates the sub-band that the UE
hops to at each corresponding time slot of the plurality of time slots. The hopping information
comprises a UE-specific cyclic shift value indicating a number of sub-bands to be cyclically shifted
by the UE from one time slot to a next time slot, and the sub-band that the UE hops to at each

corresponding time slot is determined based on the UE-specific cyclic shift value.

The sub-band that the UE hops to at each corresponding time slot may be determined based on the
UE-specific cyclic shift value and an initial sub-band for the UE. The sub-band that the UE hops to
at each corresponding time slot may be determined based on a UE identifier. The sub-band that the
UE hops to at each corresponding time slot may be determined based on a UE-specific pseudo
random sequence initialized by the UE identifier. The UE identifier may be a UE-specific GF radio
network temporary identifier (GF-RNTI). The sub-band that the UE hops to at each corresponding
time slot may be determined based on a UE-specific hopping index assigned to the UE. The sub-
band that the UE hops to at each corresponding time slot is determined based on a UE-specific cyclic
shift value derived from the UE-specific hopping index and an initial sub-band for the UE derived
from the UE-specific hopping index. The sub-band that the UE hops to at each corresponding time
slot is determined based on an identifier of a group of UEs. The sub-band that the UE hops to at each
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corresponding time slot is determined based on a group-specific pseudo random sequence initialized
by the identifier of the group of UEs. The identifier of the group of UEs may be a group Radio
Network Temporary Identifier (RNTI). The identifier of the group of UEs is determined based on a
UE-specific hopping index.

Next, the UE performs GF UL transmissions according to the UE-specific resource hopping pattern.
The UE may determine a sub-band the UE hops to at a time slot based on the hopping information.
The UE may derive a physical resource block (PRB) index at the time slot in accordance with the
determined sub-band, a total number of resource blocks (RBs) in the determined sub-band, and a
total number of RBs assigned to the GF transmissions. Then, the UE performs the GF UL
transmissions at the time slot in accordance to the derived PRB index. The UE may also determine a

reference signal based on a UE-specific hopping index.

[1] Although the embodiments have 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, 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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WHAT IS CLAIMED IS:

1. A method for grant-free (GF) transmissions, the method comprising:

receiving, by a user equipment (UE), a Radio Resource Control (RRC) signal
specifying at least a UE-specific GF radio network temporary identifier (GF-RNTI), wherein
the GF-RNT1 is different from a cell-RNTI (C-RNTI) for a grant-based initial transmission or
retransmission of the grant-based initial transmission; and

performing, by the UE, a GF uplink (UL) transmission without waiting for a downlink

control information (DCI) signal.

2. The method of claim 1, further comprising detecting, by the UE, the DCI signal in a
search space of a physical downlink control channel (PDCCH) using the GF-RNTI, the DCI

signal comprising information about a retransmission related to the GF UL transmission.

3. The method of claim 2, wherein the DCI signal comprises GF specific configuration
parameters.
4. The method of claim 2, further comprising:

performing, by the UE, the GF UL transmission in response to the receiving the RRC
signal and before detection of the DCI signal.

5. The method of claim 2, wherein the detecting the DCI signal in the search space of
the PDCCH using the GF-RNTI comprises:

descrambling, by the UE, a cyclic redundancy check (CRC) of the DCI signal in
accordance with the GF-RNTI; and

performing, by the UE, a CRC check of the DCI signal using the descrambled CRC.

6. The method of any one of claim 1 to claim 5, further comprising:
prior to the receiving, performing, by the UE, initial access by sending a preamble
through a random access (RA) channel (RACH).

7. A user equipment (UE) for grant-free (GF) transmissions, the UE comprising:
a non-transitory memory; and

a hardware processor configured to:
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receive a Radio Resource Control (RRC) signal specifying at least a UE-specific GF
radio network temporary identifier (GF-RNTI), wherein the GF-RNTI is different from a
cell-RNTI (C-RNTTI) for a grant-based initial transmission or retransmission of the grant-
based initial transmission; and

perform a GF uplink (UL) transmission without waiting for a downlink control

information (DCI) signal.

8. The UE of claim 7, the hardware processor further configured to detect the DCI signal
in a search space of a physical downlink control channel (PDCCH) using the GF-RNTI, the

DCI signal comprising information about a retransmission related to the GF UL transmission.

9. The UE of claim 8, wherein the DCI signal comprises GF specific configuration

parameters.

10. The UE of claim 8, the hardware processor further configured to:
perform the GF UL transmission in response to the receiving the RRC signal and

before detection of the DCI signal.

11. The UE of claim 8, wherein the hardware processor is configured to detect the DCI
signal in the search space of the PDCCH using the GF-RNTI by:

descrambling a cyclic redundancy check (CRC) of the DCI signal in accordance with
the GF-RNTTI; and

performing a CRC check of the DCI signal using the descrambled CRC.

12. The UE of any one of claim 7 to claim 11, wherein the hardware processor further
configured to:
prior to receiving the RRC signal, perform initial access by sending a preamble

through a random access (RA) channel (RACH).

13, A method for grant-free (GF) transmissions, the method comprising:
transmitting, by a base station to a user equipment (UE), a Radio Resource Control

(RRC) signal specifying at least a UE-specific GF radio network temporary identifier (GF-
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RNTI), wherein the GF-RNTI is different from a cell-RNTI (C-RNTI) for a grant-based
initial transmission or retransmission of the grant-based initial transmission; and
receiving, by the base station, a GF uplink (UL) transmission without transmitting a

downlink control information (DCI) signal to the UE.

14. The method of claim 13, further comprising:
transmitting, by the base station, the DCI signal comprising information about a
retransmission related to the GF UL transmission, wherein the UE detect the DCI signal in a

search space of a physical downlink control channel (PDCCH) using the GF-RNTTL.

15. The method of claim 14, wherein the DCI signal comprises GF specific configuration

parameters.

16. The method of claim 14, further comprising:
receiving, by the base station, the GF UL transmission in response to the transmitting

the RRC signal and before the transmitting the DCI signal.

17. The method of any one of claim 13 to claim 16, further comprising:
prior to the transmitting the RRC signal, receiving, by the base station, initial access

by receiving a preamble through a random access (RA) channel (RACH).

18.  An apparatus for grant-free (GF) transmissions, the apparatus comprising:

a non-transitory memory; and

a hardware processor configured to:

transmit, to a user equipment (UE), a Radio Resource Control (RRC) signal
specifying at least a UE-specific GF radio network temporary identifier (GF-RNTI), wherein
the GF-RNTT is different from a cell-RNTI (C-RNTTI) for a grant-based initial transmission or
retransmission of the grant-based initial transmission; and

receive a GF uplink (UL) transmission without transmitting a downlink control

information (DCI) signal to the UE.

19.  The apparatus of claim 18, the hardware processor further configured:
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transmit the DCI signal comprising information about a retransmission related to the
GF UL transmission, wherein the UE detect the DCI signal in a search space of a physical
downlink control channel (PDCCH) using the GF-RNTL

20. The apparatus of claim 19, wherein the DCI signal comprises GF specific

configuration parameters.

21. The apparatus of claim 19, the hardware processor further configured:
receive the GF UL transmission in response to the transmitting the RRC signal and

before transmitting the DCI signal.

22.  The apparatus of any one of claim 18 to claim 21, the hardware processor further
configured:
prior to transmitting the RRC signal, receive initial access by receiving a preamble

through a random access (RA) channel (RACH).
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