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Systems and Methods for Mixed Grant-Free and Grant-Based Uplink Transmissions

REFERENCE TO RELATED APPLICATIONS

The present application claims priority to U.S. Provisional Patent Application Serial No.
62/435,519 filed on December 16, 2016, and to U.S. Patent Application Serial No.
15/674,426 filed on 10 August 2017, both entitled “Systems and Methods for Mixed Grant-
Free and Grant-Based Uplink Transmissions” and incorporated herein by reference in their

entireties.

FIELD

The present application relates to uplink transmissions in a wireless communication system.

BACKGROUND

In some wireless communication systems, a user equipment (UE) wirelessly communicates
with a base station to send data to the base station and/or receive data from the base station. A
wireless communication from a UE to a base station is referred to as an uplink
communication. A wireless communication from a base station to a UE is referred to as a

downlink communication.

Resources are required to perform uplink and downlink communications. For example, a UE
may wirelessly transmit data to a base station in an uplink transmission at a particular
frequency and/or during a particular slot in time. The frequency and time slot used are

examples of resources.

Some wireless communication systems may support grant-based uplink transmissions. That is,
if a UE wants to transmit data to a base station, the UE requests uplink resources from the
base station. The base station grants the uplink resources, and then the UE sends the uplink
transmission using the granted uplink resources. An example of uplink resources that may be
granted by the base station is a set of time-frequency locations in an uplink orthogonal

frequency-division multiple access (OFDMA) frame.

Some wireless communication systems may support grant-free uplink transmissions. That is,
a UE may send uplink transmissions using certain uplink resources possibly shared with other

UEs, without specifically requesting use of the resources and/or without specifically being
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granted the resources by the base station. A grant-free uplink transmission does not need a

dynamic and explicit scheduling grant from the base station.
SUMMARY

There may be situations in which it is beneficial for a UE to switch between grant-free uplink
transmissions and grant-based uplink transmissions. Systems and methods are disclosed
herein that help facilitate grant-based and grant-free uplink wireless communications, and the
switching between the two. For example, systems and methods for mitigating collision
between a granted uplink transmission and a grant-free uplink transmission are disclosed

herein.

In one embodiment, there is provided a method performed by a base station that may include
receiving a grant-free uplink transmission from a user equipment. In response to receiving the
grant-free uplink transmission, the method may further include generating a scheduling grant
for the user equipment. The method may further include transmitting the scheduling grant to

at least the user equipment.

In another embodiment, there is provided a method performed by a user equipment that may
include sending a grant-free uplink transmission to a base station. The method may further
include receiving a scheduling grant from the base station in response to sending the grant-
free uplink transmission. The method may further include sending a granted uplink

transmission to the base station according to the scheduling grant.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will be described, by way of example only, with reference to the

accompanying figures wherein:

FIG. 1 is a block diagram of a base station and a plurality of UEs, according to one

embodiment;
FIG. 2 illustrates a set of time-frequency resources, according to one embodiment;
FIG. 3 is a block diagram showing the base station and a UE from FIG. 1 in more detail;

FIG. 4 illustrates an example scenario in which a UE sends a buffer status report (BSR);
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FIG. 5 is a flow chart of a method performed by a base station and a UE, according to one

embodiment;

FIG. 6 illustrates a set of time-frequency resources, showing a semi-persistent scheduling

grant, according to one embodiment;

FIGs. 7 to 27 illustrate example grant-free uplink transmission time-frequency resource sets;

and

FIG. 28 is a flow chart of a method performed by a base station, a target UE, and another UE,

according to one embodiment.
DETAILED DESCRIPTION

For illustrative purposes, specific example embodiments will now be explained in greater

detail below in conjunction with the figures.

FIG. 1 is a block diagram of a base station 100 and a plurality of UEs 102a-e in a Radio

Access Network (RAN), according to one embodiment.

The word “base station” encompasses any device that wirelessly receives data (in the uplink)
from wireless devices such as UEs 102a-e. The base station 100 is an example of a network
access device that provides network access to UEs 102a-e and as such, is generally meant to
be representative of other types of access devices including a transmit and receive point, a
base transceiver station, a radio base station, a radio access node, a network node, a
transmit/receive node, a Node B, an eNode B (eNB), a gNB, a relay station, a remote radio
head, or an Access Point (AP). Also, in some embodiments, the parts of the base station 100
may be distributed. For example, some of the modules of the base station 100 may be located
remote from the equipment housing the antennas of the base station 100, and may be coupled
to the equipment housing the antennas over a communication link (not shown). Therefore, in
some embodiments, the term base station 100 may also refer to modules on the network side
that perform processing operations (¢.g. scheduling and message generation) that are not
necessarily part of the equipment housing the antennas of the base station 100. The modules
may also be coupled to other base stations. In some embodiments, the base station 100 may
actually be a plurality of base stations that are operating together to serve the UEs 102a-¢, e.g.
through coordinated multipoint transmissions. Similarly, UEs 102a-e are also meant to be

illustrative of other end user devices which may be configured as disclosed herein for uplink
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communications with the base station 100. Examples of other user devices include wireless
transmit/receive units (WTRUSs), mobile stations, wireless devices, fixed or mobile subscriber
units, cellular telephones, personal digital assistants (PDAs), smart phones, laptops,
computers, touchpads, wireless sensors, and consumer electronics devices. Other

possibilities exist for the UEs 102a-e.

FIG. 1 illustrates an example message 150 sent by UE 102a in a grant-free uplink
transmission. A grant-free uplink transmission does not need a dynamic and explicit
scheduling grant from the base station 100. Herein, the term “grant-free uplink transmission”,
or equivalently, “transmission without a grant”, is used to denote a transmission of data to the
base station, e.g. data traffic from the UE 102a. Therefore, the term “grant-free uplink
transmission”, as used herein, distinguishes from random access signaling e.g. a signaling
employed by a UE entering a new service area to request a transmission grant over a

physical random access channel (PRACH).

The message 150 sent in the grant-free uplink transmission is transmitted using a multiple
access (MA) resource. A MA resource is comprised of a MA physical resource (e.g. a time-
frequency resource or block) and at least one MA signature. 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
term “pilot” refers to a signal that at least includes a reference signal, for example, a

demodulation reference signal. The reference signal may be the MA signature.

The message 150 includes MA signature 152, as well as data 154, which is to be decoded by
the base station 100. The message 150 may include other information, such as information for
identifying the UE 102a and/or cyclic redundancy check (CRC) information, but this has
been omitted for the sake of clarity. The MA signature 152 is illustrated as being separate
from the data 154. This may be the case if, for example, the MA signature 152 consists of a
reference signal and/or a preamble. However, the MA signature 152 may instead be part of
the transmission scheme itself, e.g. the codebook used or the mapping or interleaving pattern
used, in which case the MA signature 152 would not necessarily occupy separate time-

frequency resources from the data 154. Also, in embodiments in which the MA signature 152
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does occupy separate time-frequency resources from the data 154, the MA signature 152 does

not necessarily have to be at the start of the message 150.

When UE 102a sends message 150 to the base station 100 in the grant-free uplink
transmission, the base station 100 first attempts to detect the MA signature 152. MA
signature detection may involve a blind detection process in which the MA signature 152 is
detected among all of the possible choices of MA signatures. Detecting the MA signature is
referred to as activity detection. After activity detection is successful, the base station 100
then attempts to perform channel estimation based on the MA signature 152, and optionally
also based on additional reference signals in the message 150. The base station 100 then
attempts to decode the data 154. As an example, the MA signature 152 may be a reference
signal. The base station 100 may first successfully perform activity detection by successfully
decoding the reference signal sequence. The reference signal sequence may then be used by
the base station 100 for channel estimation of the uplink channel. Once the reference signal is
successfully decoded and channel estimation is performed, the base station 100 then decodes

the data 154.

FIG. 1 also illustrates an example message 160 sent by UE 102e in a grant-based uplink
transmission. The message 160 also includes an MA signature 162 (e.g. a reference signal)
and data 164. However, the resources used to send the message 160 and the MA signature
162 are assigned to the UE 102e by the base station 100. The base station 100 does not have

to perform activity detection.

Some or all of the UEs 102a-e may be configured to send grant-free and/or grant-based
uplink transmissions. For example, after UE 102a sends message 150 via the grant-free
uplink transmission, the base station 100 may then grant resources to the UE 102a to be used
for sending a subsequent uplink transmission. The subsequent uplink transmission by UE
102a would be a grant-based uplink transmission because resources were granted to the UE

102a for sending the subsequent uplink transmission.

Uplink transmissions from the UEs 102a-e may be performed on a set of time-frequency
resources. FIG. 2 illustrates a set of time-frequency resources 170, according to one
embodiment. The time-frequency resources 170 may be partitioned into a combination of
grant-free and grant-based regions. In the embodiment of FIG. 2, the time-frequency

resources 170 are partitioned into a grant-free only region 172, a grant-based only region 176,
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and a co-existence region 174, where only grant-based uplink transmissions may be
scheduled in the grant-based only region 176, and only grant-free uplink transmissions are
sent in the grant-free only region 172. In co-existence region 174, grant-free uplink
transmissions may be sent, but grant-based uplink transmissions may also be scheduled by
the base station 100. As an example, resources 180 in the co-existence region 174 are granted
by the base station 100 for UE 102e to transmit message 160, and resources 182 in the co-
existence region 174 are used by UE 102a to transmit message 150. In some embodiments,
there may not be a separate grant-free only region 172. The co-existence region 174 may by
default be a grant-free only region until the base station 100 decides to schedule a grant-based
uplink transmission in the co-existence region 174. In such embodiments, the co-existence
region 174 and the grant-based only region 176 may be preconfigured (e.g. the regions may
be known in advance and/or may be communicated from the base station 100 to the UEs

102a-¢).

In some embodiments, the UEs 102a-e may each be configured by the base station 100 to
operate in grant-based transmission mode and/or grant-free transmission mode. In addition
and/or as an alternative, the base station 100 may inform the UEs which resources have been
dedicated as grant-free and/or grant-based resources. As a further addition and/or alternative
the grant-free only region 172 and/or the co-existence region 174 may be preconfigured by
the network. The information configuring the UEs 102a-e to operate in grant-based and/or
grant-free transmission mode, and/or the information specifying which resources have been
dedicated as grant-free and/or grant-based resources, may be transmitted to the UEs 102a-e in
a downlink broadcast channel. For example, the information may be included as part of the

system information, e.g. in a system information block (SIB).

In some embodiments, dynamic downlink control information may be sent by the base station
100 to switch UEs between a grant-free uplink transmission mode and a grant-based
transmission mode. For example, UE 102e may initially be configured by the base station 100
to send only grant-based uplink transmissions. At a later time, the base station 100 may
configure UE 102e to only send grant-free uplink transmissions. At a later time, the base
station 100 may continue to allow UE 102e to send grant-free uplink transmissions, but also
schedule a grant-based uplink transmission. UE 102e may later be configured by the base
station 100 to send grant-free uplink transmissions, but to also be able to request grant-based

uplink transmissions. As another example, UE 102a may initially be granted the ability to
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send both grant-based and grant-free uplink transmissions, but then at a later time the base
station 100 may inform UE 102a that it can no longer send grant-free uplink transmissions.

Other switching scenarios between grant-free and grant-based transmissions are possible.

In some embodiments, the grant-free only region 172, the grant-based only region 176, and
the co-existence region 174 may be preconfigured and known to the UEs 102a-¢e (e.g. the
base station 100 may inform the UE 102a-e of the regions). The base station 100 may
perform resource configuration by scheduling transmissions in the grant-based only region

176 and the co-existence region 174.

In some embodiments, a retransmission scheme such as hybrid automatic repeat request
(HARQ) may be used to perform retransmissions for the uplink transmissions from the UEs.
For example, if the data 154 in the grant-free uplink transmission is not successfully decoded
by the base station 100, then a retransmission may be performed by the UE 102a. The
retransmission may be another grant-free uplink transmission, or the retransmission may be
scheduled by the base station 100 (e.g. as a grant-based uplink transmission). The
retransmission may include a retransmission of the initial data 154 and/or further information
for decoding the initial data 154. For example, the retransmission data may include some or
all of the initial data 154 and/or more parity information. The base station 100 may perform
HARQ combining as follows: instead of discarding unsuccessfully decoded initial data 154,
the unsuccessfully decoded initial data 154 may be stored at the base station 100 in memory
and combined with received retransmission data to try to successfully decode the initial data.
One type of HARQ combining that may be used is soft combining, such as chase combining
or incremental redundancy. An acknowledgement (ACK) or negative acknowledgement
(NACK) may be transmitted from the base station 100 to the UE 102a to indicate whether the
data 154 has been successfully decoded. The ACK indicates to the UE 102a that the data 154
has been successfully decoded. The NACK indicates that a retransmission is required. A
NACK may only be sent if activity detection is successful. The NACK may include
identification information associated with UE 102a, e.g. an index that is indicative of the MA
signature 152 used by UE 102a so that UE 102a knows that the NACK is for UE 102a. In
some embodiments, a NACK is not sent by the base station 100, in which case the absence of
an ACK indicates to UE 102a that retransmission is required. Rateless HARQ refers to the
situation in which the UE 102a sends one or more retransmissions associated with data 154

without waiting for an ACK or NACK. Rateless HARQ may be useful in applications in
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which the UE 102a has to transmit data with low latency and high reliability. In rateless
HARQ, UE 102a may stop sending retransmissions when it receives an ACK, or once the

maximum allowed number of retransmissions has occurred, whichever happens first.

Some of the UEs 102a-e may need to transmit data to the base station 100 with lower latency
than other UEs. For example, UE 102a may need to send data with lower latency compared to
UE 102e. UE 102a may be an ultra-reliable low latency communication (URLLC) UE,
whereas UE 102e may be an enhanced mobile broadband (eMBB) UE. UEs that are served
by a base station and that require lower latency uplink communication (e.g. URLLC UEs)
may be referred to as “low latency UEs”. The other UEs (e.g. eMBB UEs) may be referred to
as a “latency tolerant UEs”. A latency tolerant UE may send grant-based uplink transmissions,
whereas a low latency UE may send grant-free uplink transmissions. In some applications, a
latency tolerant UE may be scheduled in either the grant-based only region 176 or co-
existence region 174, and a low latency UE may use the grant-free only region 172 or the co-
existence region 174. A massive machine type communication (mMTC) UE may be assigned

different regions of the time-frequency resources 170 depending upon the application.

FIG. 3 is a block diagram showing the base station 100 and UE 102a of FIG. 1 in more detail.
The base station 100 includes a transmitter 204 and a receiver 206 coupled to one or more
antennas 208. Only one antenna 208 is illustrated. The transmitter 204 and the receiver 206
may be integrated as a transceiver. The base station 100 further includes an uplink message
decoder 210 for decoding uplink transmissions from the UEs, e.g. for performing activity
detection and data decoding. The message decoder 210 may be part of the receiver 206. The
base station 100 further includes a resource allocator 218, which may perform operations
such as: determining whether to grant resources to a particular UE (e.g. based on a scheduling
request or a buffer status report from the UE), generating scheduling grants, determining
which resources will be allocated as grant-free and/or grant-based resources, configuring
grant-free uplink transmission time-frequency resource sets (e.g. generating control
information indicating the configuration), and/or generating a semi-persistent scheduling
grant. In some embodiments, the message decoder 210 may be part of the receiver 206,

and/or the resource allocator 218 may be part of the transmitter 204.

The message decoder 210, the resource allocator 218, and/or any signal processing

components of the transmitter 204 and receiver 206, may be implemented in the form of
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circuitry configured to perform the functions of the message decoder 210, the resource
allocator 218, and/or the transmitter 204 / receiver 206. In some implementations the circuitry
includes a memory and one or more processors that execute instructions stored in the memory
that cause the one or more processors to perform the operations of the message decoder 210,
the resource allocator 218, and/or the transmitter 204 / receiver 206. Alternatively, the
message decoder 210, the resource allocator 218, and/or any signal processing components of
the transmitter 204 and receiver 206, may be implemented using dedicated integrated
circuitry, such as an application specific integrated circuit (ASIC), a graphics processing unit
(GPU), or a programmed field programmable gate array (FPGA) for performing the
operations of the message decoder 210, the resource allocator 218, and/or the transmitter 204
/ receiver 206. In yet other implementations, the functionality of the base station 100
described herein may be fully or partially implemented in software or modules stored in the

memory and executed by the processor(s).

The UE 102a also includes a transmitter 254 and a receiver 256 coupled to one or more
antennas 258. Only one antenna 258 is illustrated. The transmitter 254 and the receiver 256
may be integrated as a transceiver. The UE 102a further includes an uplink message
generator 270 for generating messages to be transmitted in grant-based and/or grant-free
uplink transmissions. Generating the uplink messages may include encoding and modulating
the data to be transmitted in the message. The generated messages may include an indicator,
such as a buffer status report, as described later. The uplink messages may be generated and
transmitted according to a grant or semi-persistent grant received from the base station 100.
In some embodiments, the UE 102a further includes a resource detector 271 to decode a
received message that provides information relating to another UE’s grant. The uplink
message generator 270 may then use this information to generate an uplink message that uses
resources and/or an MA signature that avoids a collision with the other UE’s granted uplink
transmission. In some embodiments, the uplink message generator 270 may be part of the

transmitter 254 and/or the resource detector 271 may be part of the receiver 256.

The uplink message generator 270, resource detector 271, and/or any signal processing
components of the transmitter 254 and receiver 256, may be implemented in the form of
circuitry configured to perform the functions of the message generator 270, the resource
detector 271, the transmitter 254 and/or receiver 256. In some implementations the circuitry

includes a memory and one or more processors that execute instructions stored in the memory
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that cause the one or more processors to perform the operations of the message generator 270,
the resource detector 271, and/or the transmitter 254 / receiver 256. Alternatively, message
generator 270, the resource detector 271, and/or any signal processing components of the
transmitter 254 and receiver 256, may be implemented using dedicated integrated circuitry,
such as an application specific integrated circuit (ASIC), a graphics processing unit (GPU), or
a programmed field programmable gate array (FPGA) for performing the operations of the
message generator 270, the resource detector 271, and/or the transmitter 254 / receiver 256.
In yet other implementations, the functionality of the UE 102a described herein may be fully
or partially implemented in software or modules stored in the memory and executed by the

processor(s).

The UEs 102b-e are not shown in detail in the figures, but UEs 102b-e have the same
components as UE 102a illustrated in FIG. 3. Also, depending upon the embodiment, the UE
102a may be a target UE that is receiving a grant from the base station 100, and/or the UE
102a may be a UE wanting to send an uplink transmission and trying to avoid collision with

another target UE.

Embodiments below describe mechanisms and signaling for switching between grant-based

and grant-free uplink transmissions, including collision avoidance mechanisms.

In some embodiments, each of the UEs 102a-e may initially be configured or assigned by the
base station 100 to operate in a grant-based and/or grant-free transmission mode (e.g. for
grant-based and/or grant-free transmissions). The initial assignment may be sent via control
information that may be broadcast in a broadcast channel, or sent to the UEs 102a-e using
unicast signaling (e.g. via radio resource control (RRC) signaling), or sent using multicast
signaling. The base station 100 may then use downlink control information to perform
dynamic switching of the UEs 102a-e between grant-based and grant-free uplink transmission

modes.
Grant-Free Uplink Transmission with Indicator

In some embodiments, a grant-free uplink transmission sent by a UE may include an
indicator that is used by the base station 100 to make scheduling and/or other decisions, e.g.
to determine whether to schedule a grant-based transmission for the UE. For example, the
indicator may be a buffer status report (BSR). The BSR indicates whether the UE has data in
its buffer to transmit to the base station 100, and optionally the BSR may provide an

10
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indication of how much data the UE has to transmit to the base station 100, regardless of the
presence of data in the actual buffer. In some embodiments, the BSR may be part of the
payload of the uplink message, alongside the packet transmission. In some embodiments, the
BSR may be relatively short, e.g. possibly as simple as one bit indicating whether there are

more packets to be transmitted by the same UE.

In some embodiments, the grant-free uplink transmission that includes the BSR may be a
contention based scheduling request. The scheduling request requests that the base station
100 schedule uplink resources for the UE so that the UE can send a grant-based uplink
transmission, and the BSR provides an indication of how much data the UE has to send. The

BSR may be used by the base station 100 to determine how many resources to grant the UE.

The action taken by the base station 100 depends upon the scenario encountered. For example,
if decoding of the grant-free uplink message is successful, and the BSR indicates that there is
no data (or no further data) to be transmitted to the base station 100, then the base station 100
may transmit downlink control information (DCI) comprising an ACK. On the other hand, if
decoding is successful and the BSR indicates that there is data (or is further data) to be
transmitted to the base station 100, then the DCI may include an ACK together with a
scheduling grant for the UE to transmit the additional data. If decoding is successful and the
grant-free uplink message includes a scheduling request, then the DCI may include a

scheduling grant for the UE to transmit the data.

If decoding of the grant-free uplink message fails, but the base station 100 is able to identify
the UE that sent the grant-free uplink transmission (e.g. activity detection of the UE’s
reference signal is successful and is indicative of the UE), then the base station 100 may send
a NACK to the UE that sent the grant-free uplink transmission. As discussed in more detail
later, the NACK may be broadcast so that other UEs can also decode the NACK.
Alternatively, the NACK may be sent to the UE in a unicast transmission or sent to a group
of UEs in a multicast transmission. In some embodiments, the NACK may also include
information scheduling or rescheduling the UE’s retransmission resource and MA signature

assignment.

The DCI, such as the ACK and/or NACK, may be sent in a downlink control channel, or in
another downlink channel that is dedicated to sending ACK/NACK messages, e.g. a physical
hybrid-ARQ indicator channel (PHICH).

11



10

15

20

25

30

WO 2018/107944 PCT/CN2017/112154

If decoding of the grant-free uplink message fails, and the base station 100 is not able to
identify the UE that sent the grant-free uplink transmission, then the base station 100 may not
send any transmission in response to the grant-free uplink message. The UE may then

retransmit the grant-free uplink message on subsequent grant-free resources.

In some embodiments, a UE may have data (or additional data) to send to the base station 100,
and so the UE may send an initial uplink message having a BSR. The base station 100 may
successfully decode the initial uplink message and send DCI including an ACK, but not
including a scheduling grant. In this scenario, the UE interprets the absence of a scheduling
grant as an indication that the subsequent data transmission is to be sent using grant-free

resources.

FIG. 4 illustrates one example scenario in which UE 102a sends a BSR. During time period A,
message 150 is sent by UE 102a via a grant-free uplink transmission. The data 154 in
message 150 includes a BSR 155. The BSR 155 indicates to the base station 100 that UE
102a has additional data 194 to send to the base station 100. The additional data 194 may be
additional packets that could not fit in message 150, or the additional data 194 may be the
remaining portion of a packet that was only partially sent in message 150. The message 150
is transmitted using resources 196 in grant-free region 172. Because the BSR 155 indicates
that UE 102a has additional data 194 to send to the base station 100, the base station 100
therefore schedules a grant-based uplink transmission on resources 198 in subsequent time
period B. The grant-based uplink transmission is scheduled in the co-existence region 174,
e.g. because the grant-only region 176 was already fully scheduled. Message 190, which

includes the additional data 194, is transmitted on resources 198 during time period B.

In a variation of FIG. 4, the message 150 is instead a contention-based scheduling request,
and so instead of data 154, the message 150 includes a scheduling request and the BSR 155.
The subsequent grant-based uplink message 190 includes data 154 and additional data 194, or

data 154 and/or 194 are transmitted in several subsequent grant-based uplink messages.

The indicator sent in the grant-free uplink transmission does not have to be a BSR, or it may
include other information in addition to the BSR. For example, the indicator may include an
indication of whether or not the additional data in in the buffer of the UE is low latency data.
The low latency data can be part of a low latency UE application (e.g . a URLLC application).

In some embodiments, the indicator may indicate different applications, e.g., whether the
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additional data is part of a URLLC application or an eMBB application. The base station 100
may use the information from the indicator to determine how soon the base station 100 has to
schedule the grant-based uplink transmission, or whether to schedule the grant-based uplink
transmission at all because for some low latency data it may be beneficial if the UE continues
to send the data in grant-free uplink transmissions. The indicator may provide an indication
as to whether or not the UE prefers that the additional transmission be sent in a grant-based
uplink transmission. The indicator may provide an indication of whether it is desired by the
UE to switch from grant-free transmission mode to grant-based transmission mode. Finally,
in the examples above, the indicator (e.g. the BSR 155) is sent as part of a grant-free uplink
transmission. It is understood that the indicator could also be sent in a different or separate
uplink transmission. For example, the indicator could also be transmitted as part of a grant-
based uplink transmission and/or as part of a contention free scheduling request. In some
embodiments, the indicator may be sent in a grant-based transmission, e.g., as part of the
scheduling request (SR). The SR can be sent in an uplink control channel as part of uplink
control information. FIG. 5 is a flow chart of a method performed by a base station and a UE,
according to one embodiment. In step 302, the UE sends an uplink transmission. The uplink
transmission may be a grant-free uplink transmission. The uplink transmission may include
an indicator. The indicator may be or include a BSR. In step 304, the base station receives the
uplink transmission. In response to the uplink transmission, in step 306 the base station grants
resources and/or an MA signature to the UE for use in sending a grant-based uplink
transmission. If the uplink transmission sent in step 302 includes an indicator, such as a BSR,
then step 306 may be performed in response to the indicator in the uplink transmission. In
step 308, the base station transmits the grant to the UE. In step 310, the UE receives the grant.
In step 312, the UE sends the grant-based uplink transmission according to the grant. In step

314, the base station receives the grant-based uplink transmission.
Collision Avoidance

When a UE sends a grant-free uplink transmission, the base station 100 may schedule a
subsequent transmission as a grant-based uplink transmission. The subsequent grant-based
uplink transmission may be a transmission of new data or a retransmission of previous data.
For example, as discussed earlier in relation to FIG. 4, UE 102a may send message 150 on a

grant-free uplink transmission, and the base station 100 may then schedule a grant-based
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uplink transmission for subsequent message 190. Subsequent message 190 could be a

retransmission of initial data 154 in some embodiments.

If the grant-based uplink transmission is scheduled in a grant-based only region, e.g. region
176 in FIG. 2, then typically the scheduled uplink transmission should not collide with
another uplink transmission being sent by another UE. This is because the base station 100
schedules UE transmissions in the grant-based only region, and the base station 100 typically

would not schedule different UEs on the same resources.

However, if the grant-based uplink transmission is instead scheduled in a co-existence region,
e.g. region 174 in FIG. 2, then there is a possibility of a collision with a grant-free uplink

transmission sent by another UE in the co-existence region.

In some embodiments, when a grant-based uplink transmission is scheduled for a target UE
in a co-existence region, then information relating to that grant is sent to at least one other UE
that is permitted to send grant-free uplink transmissions in the co-existence region. For
example, the grant may be broadcasted to both the target UE and all UEs permitted to send
grant-free uplink transmissions in the co-existence region. By ‘broadcasted to’, it is meant
that the the grant may be targeting one or more UEs, but the grant may be listened to by one
other, a group of, or all other UEs (such as all the UEs permitted to send grant-free uplink
transmissions). The UEs permitted to send grant-free uplink transmissions in the co-
existence region decode the information relating to the target UE’s grant and then avoid the
resources and/or MA signature (e.g. reference signal) granted to the target UE, in order to try
to mitigate collision with the granted uplink transmission of the target UE. In some
embodiments, the target UE may be a UE that has requested a grant and is being
opportunistically scheduled in the co-existence region 172, and in other embodiments the
target UE may be a UE that sent a grant-free uplink initial transmission and is having an
additional transmission (a new transmission or a retransmission) scheduled in the co-

existence region 172.

In some embodiments, a target UE may send an initial grant-free uplink transmission, e.g. in
co-existence region 174 or in grant-free only region 172 in FIG. 2. The base station 100 may
send a NACK indicating that a retransmission relating to the target UE’s initial grant-free
uplink transmission is required. The NACK may be broadcasted to, and decodable by, both

the target UE and other UEs permitted to send grant-free uplink transmissions. In response to
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the NACK, a retransmission may be sent by the target UE via a grant-free uplink
transmission in the co-existence region 174 or in the grant-free only region 172. The other
UEs permitted to send grant-free uplink transmissions, and who also decoded the NACK,
may use information learned from the NACK to try to avoid a collision with the
retransmission of the target UE. As one example, if the NACK includes an MA signature
index indicating the MA signature used by the target UE, then the other UEs may be able to
determine which MA signature will be used for the retransmission of the target UE. For
example, there may be a known mapping between MA signatures used for initial and
retransmissions. The other UEs may then avoid choosing an MA signature that is the same as
the MA signature that will be used for the retransmission of the target UE. As another
example, the UEs may be able to determine from the NACK which uplink resources will be
used by the target UE to send a retransmission, e.g. based on a known mapping relationship
between initial and retransmission resources. The other UEs may then avoid transmitting on
the same resources that will be used for the retransmission of the target UE. As another
example, if the NACK includes a pilot index, and it is known by the UEs that the same pilot
is to be used for both initial and retransmissions, then the other UEs may avoid using the pilot

indicated by the pilot index in the NACK.

In some embodiments, an initial grant-free uplink message sent by a target UE may include a
BSR or other indicator mentioned above (e.g. the indicator in step 302 of FIG. 5). In some

embodiments, the initial grant-free uplink message may include a scheduling request.

Once the initial grant-free uplink message is received, the base station 100 may be able to
schedule an additional transmission (e.g. a retransmission or a new transmission) for the
target UE in the co-existence region with almost no possibility of collision for the following
reason. Prior to arrival of the initial grant-free message by the target UE, the base station 100
has detected other UEs who have sent uplink transmissions in the co-existence region. The
base station 100 can therefore reassign/reshuffle the resources and MA signatures used by
these previously detected other UEs to try to avoid a collision with the additional
transmission to be sent by the target UE. The base station 100 can also or instead schedule the
additional transmission by the target UE on resources the base station 100 knows are different
from those being used by the previously detected other UEs. The base station 100 can also or
instead control which resources are granted to UEs for other grant-based uplink transmissions

and choose resources in such a way so as to avoid a collision with the additional transmission
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of the target UE. The base station 100 can further broadcast information relating to the
additional transmission (e.g. a NACK or ACK for the initial grant-free uplink message and/or
a grant for the additional transmission), and the other UEs sending grant-free uplink
transmissions in the co-existence region can receive or decode this information and avoid
using a resource and/or a MA signature used by the target UE for the additional transmission.
However, a collision may still sometimes occur. Example situations in which a collision may
still occur include: another UE does not successfully receive or decode the information
relating to the additional transmission, or another UE has to access a grant-free resource
immediately and there is not another grant-free resource available and it is not possible to

delay to avoid the additional transmission of the target UE.

In some embodiments, the base station 100 may decide to opportunistically schedule a grant-
based uplink transmission for a target UE in the co-existence region 174. The target UE need
not necessarily have sent an initial grant-free uplink transmission. On the contrary, the target
UE may be operating in grant-based transmission mode, and the base station 100 may have
scheduled the target UE in the co-existence region 174 because the grant-based only region
176 is already assigned to other UEs. As above, information relating to the target UE’s grant
may be sent to at least one other UE that is permitted to send grant-free uplink transmissions
in the co-existence region 174. For example, the grant for the target UE may be broadcasted
to, and/or decodable by, both the target UE and all UEs permitted to send grant-free uplink
transmissions in the co-existence region 174. The UEs permitted to send grant-free uplink
transmissions in the co-existence region 174 then avoid the resources and/or MA signature
(e.g. reference signal) granted to the target UE in the grant, in order to try to mitigate

collision with the granted uplink transmission of the target UE.

In some embodiments, a target UE may send a grant-free uplink transmission to the base
station 100, and in response the base station 100 may send a grant to the target UE that
schedules a grant-based uplink transmission for the target UE in the co-existence region. As
discussed above, the grant (or information relating to the grant) may be broadcasted so that
other UEs permitted to send grant-free uplink transmissions may decode the information and
try to avoid a collision with the target UE’s granted uplink transmission. In addition to the
base station 100 scheduling a grant-based uplink transmission for the target UE, the base
station 100 may opportunistically schedule a grant-based uplink transmission for a second UE

in the co-existence region. The second UE may be a UE operating in grant-based
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transmission mode. The information relating to the second UE’s scheduling grant may also be
broadcasted so that the other UEs permitted to send grant-free uplink transmissions may also
decode the second UE’s grant information and also try to avoid a collision with the second

UE’s granted uplink transmission.

A communication system may have UEs operating in grant-based transmission mode (e.g.
delay tolerant UEs, such as eMBB UEs or mMTC UEs), and UEs operating in grant-free
transmission mode (e.g. low latency UEs, such as URLLC UEs). A UE operating in grant-
based transmission mode will be referred to as a “GB UE”. A UE operating in grant-free
transmission mode will be referred to as a “GF UE”. In one embodiment, a scheduling grant
(or information relating to a scheduling grant) for a GB UE may be broadcasted by the base
station, and information relating to a future transmission of a first GF UE may also be
broadcasted by the base station in downlink control information. Then, before an initial grant-
free uplink transmission, other GF UEs decode the broadcasted information for the GB UE
and the first GF UE, and then use resources and/or MA signatures that avoid a collision with

a future uplink transmission of the GB UE and/or the first GF UE.

Depending upon the implementation, mMTC UEs may be grant-based UEs or grant-free UEs.
For example, in some applications, the grant-based UEs may be eMBB UEs and the grant-
free UEs may be mMTC UEs.

Semi-Persistent Scheduling Grant

In some embodiments, a UE may only operate in grant-based transmission mode and may
have dedicated resources for making a contention-free scheduling request. When the
scheduling request is received by the base station 100, the base station 100 transmits a grant
to the UE that grants uplink resources for the UE to transmit data via a grant-based uplink
transmission. Alternatively, in some embodiments, a UE may send a contention based
scheduling request, e.g. as a grant-free uplink transmission, as described earlier. When the
contention-based scheduling request is received by the base station 100, the base station 100
transmits a grant to the UE that grants uplink resources for the UE to transmit data via a
grant-based uplink transmission. Alternatively, in some embodiments, and as also described
earlier, a UE may send a grant-free uplink message to the base station. In response, the base
station 100 may grant to uplink resources for the UE to transmit additional data via a grant-

based uplink transmission. The additional data may be a retransmission of the data in the
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grant-free uplink message. Alternatively, the additional data may be or include new data that
the UE has to transmit to the base station 100, in which case the grant-free uplink

transmission may include a BSR indicating that the UE has the additional data to send.

In all of the different scenarios discussed in the paragraph above, the base station 100 sends a
grant to the UE. In some embodiments, the grant may be a semi-persistent grant. A semi-
persistent grant is a grant that schedules more than one transmission, e.g. a pattern of
transmissions. As an example, a semi-persistent grant may grant a particular resource
hopping pattern and/or particular reference signal hopping pattern for a set time or interval, or
until the UE receives further signaling. As an example, FIG. 6 illustrates a set of time-
frequency resources 319 partitioned into a co-existence region 320 and a grant-based only
region 322. UE 102a has been issued a semi-persistent scheduling grant in which UE 102a is
to send a first uplink transmission on resources 324 using reference signal #1, and then a
second uplink transmission on resources 326 using reference signal #2, and then a third
uplink transmission on resources 328 using reference signal #3. This uplink transmission
pattern is then repeated, as illustrated, until the UE 102a receives further signaling from the

base station 100 indicating that the UE 102a is to stop the uplink transmission pattern.

In some embodiments, a semi-persistent scheduling grant for a target UE may be broadcasted
to other UEs that are permitted to send grant-free uplink transmissions in order to assist with
collision avoidance in the manner discussed above. For example, the semi-persistent
scheduling grant assigned to UE 102a in FIG. 6 may be received and/or decoded by all other
UEs that may send grant-free uplink transmissions in the co-existence region 320. The other
UEs could then avoid using resources 324 and 326, and/or the other UEs could avoid using
reference signals #1 and #2 (and/or another reference signal non-orthogonal to reference
signals #1 and #2) at the same time/frequency as reference signals #1 and #2 are used by UE

102a.

In some embodiments, the semi-persistent scheduling grant may comprise an index that
informs the target UE which resource and/or reference signal hopping pattern to use. For
example, it may be predetermined and known by the base station 100 and the UEs that “index
17 corresponds to the hopping pattern shown in FIG. 6, that “index 2” corresponds to another
hopping pattern, and so on. The base station 100 then only needs to transmit “index 1” to UE

102a to assign the semi-persistent scheduling grant shown in FIG. 6. This may reduce the
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number of bits required to transmit a semi-persistent scheduling grant. However, the grant
may not need to be a semi-persistent grant and/or need not have such a format. For example,
the grant may explicitly include the typical information found in a grant, e.g. the modulation
and coding scheme (MCS) to use, the resources to use, etc. In any case, the grant (or
information relating to the grant) may still be received by other UEs for collision avoidance

in the manner described above.

In some embodiments, the semi-persistent scheduling grant may include ACK/NACK
information. For example, UE 102a may initially send a grant-free uplink transmission with
data that is incorrectly decoded by the base station 100. In response, the base station 100 then
transmits to UE 102a “index 17 along with a NACK. The UE 102a then sends retransmissions
of the data using the hopping pattern corresponding to “index 1” (i.e. the one shown in FIG. 6)
until the UE 102a receives an ACK from the base station 100. In some embodiments, if the
UE 102a receives a NACK when sending the retransmissions using a preconfigured hopping
pattern (e.g. “index 17), then the UE 102a switches to another hopping pattern (e.g. “index 27)
to continue the retransmissions. In this way, in some embodiments, a base station 100 may

use ACK/NACK to exercise some control over the retransmissions: an ACK may be used to
stop the retransmissions, a NACK may be used to change the retransmission pattern used, and

the absence of an ACK or NACK causes the UE to continue the assigned hopping pattern.

In some embodiments, the resources in a hopping pattern of a semi-persistent scheduling
grant do not necessarily need to be dedicated to just the UE receiving the semi-persistent
scheduling grant. For example, the grant of resources 324 and 326 in FIG. 6 need not
necessarily be dedicated to just UE 102a. Resources 324 and 326 may be shared by a group
of UEs, including the target UE, which are all making retransmissions using grant-free uplink

transmissions.

In some embodiments, a semi-persistent scheduling grant does not have to be explicitly sent
to the UE. For example, the UE may send an initial grant-free uplink transmission and then
automatically perform grant-free retransmissions until the UE receives an ACK to stop. The

retransmission may be transmitted based on a preconfigured resource hopping pattern.

From the perspective of the UE, the following may be achieved. In some embodiments, after
receiving a semi-persistent scheduling grant, a UE may perform retransmissions until further

signaling to stop (e.g. an ACK) is received by the UE. In some embodiments, other UEs
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permitted to send grant-free uplink transmissions decode the broadcasted DCI that is
targeting a UE in a grant-free or co-existence region. If the DCI contains an explicit grant for
transmission or retransmission for a target UE, then the other UEs try to avoid the physical
time-frequency resource and/or MA signature assigned for the target UE. Some DCI may not
contain an explicit grant, but the other UEs may still be able to derive the target UE’s
behavior from a predefined assignment inferred from the DCI. For example, the DCI may be
an indication that the target UE is to switch to a different hopping pattern, and the other UEs
may be able to infer which hopping pattern the target UE is to switch to based on a known
relationship between hopping patterns (e.g. if in hopping pattern 1, then the UE can only
switch to hopping pattern 2). The other UEs may then avoid the time-frequency resources

and/or MA signatures used by the target UE in the new hopping pattern.

In some embodiments, if the other UEs decode an ACK that is sent to the target UE without
further scheduling, then the other UEs know that the target UE’s resources are released — i.e.
no further retransmissions are required by the target UE. The other UEs may then use the
released resources that were being occupied by the target UE for making the retransmissions.
For example, target UE 102a may be sent a semi-persistent grant assigning the hopping
pattern shown in FIG. 6. The other UEs sending grant-free uplink transmissions in the co-
existence region 320 may avoid the resources/references signals used by UE 102a in the
hopping pattern to try to avoid a collision with UE 102a’s uplink transmissions. Once UE
102a’s data has been successfully received and/or decoded, the base station 100 then
transmits an ACK to UE 102a, which ends UE 102a’s semi-persistent scheduling grant. The
other UEs sending grant-free uplink transmissions in the co-existence region 320, and who
successfully receive and/or decode the ACK, can determine from the ACK that the semi-
persistent scheduling grant for UE 102a has ended. The other UEs therefore know that the

resources used by UE 102a’s semi-persistent scheduling grant are now free to use.

In some embodiments, a UE may not automatically send retransmissions while waiting to
receive an ACK. Instead, after sending an uplink transmission of data, the UE may wait for
an ACK/NACK or DCI grant from the base station 100 before sending a retransmission. The
retransmission may be grant-free or grant based depending upon the signalling from base

station 100.
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In some embodiments, the base station 100 may assign grant-free resources and/or send other
downlink control information to a group of UEs via a group message multicast to that group
of UEs. For example, the base station 100 may want to assign UEs 102a-e in FIG. 1 to a
particular partition of time-frequency resources, so that UEs 102a-e can share that partition of
time-frequency resources to send their grant-free uplink transmissions. The base station 100
can therefore send a multicast or group control message that is received by each of UEs 102a-
e, and that instructs each of UEs 102a-e to use the partition of time-frequency resources for
their grant-free uplink transmissions. As another example, the group control message may
indicate to UEs 102a-e that they are no longer permitted to send grant-free uplink
transmissions. As another example, the group control message may assign particular MA
signatures (e.g. reference signals) to the UEs 102a-e. As another example, the group control
message may assign a particular resource hopping pattern and/or reference signal hopping
pattern to the UEs 102a-e. In any case, the group control message may be multicasted to just
UEs 102a-e, or the control message may be broadcasted to other UEs also and decodable by
the other UEs so that the other UEs may try to avoid collisions, e.g. by not using the

resources and/or reference signals assigned to UEs 102a-e.

In some embodiments, the base station 100 may send a group or multicast downlink control
message granting a transmission and/or retransmission to a group of UEs. For example, UEs
102a-e may each send a grant-free uplink transmission. The grant-free uplink transmissions
for UEs 102a and 102b are not correctly decoded by the base station 100. The base station
100 therefore transmits a group control message scheduling a retransmission for both UE
102a and UE 102b. As another example, UEs 102a-e may each send a grant-free uplink
transmission with a BSR. The BSRs indicate that UEs 102d and 102e have more data to send.
The base station 100 therefore transmits a group control message scheduling a new
transmission for both UE 102d and UE 102e. In any case, in some embodiments the group
control message may grant particular grant-free time-frequency resources and/or MA
signature (e.g. reference signal) resources. In some embodiments, the group control message
may grant a resource hopping pattern and/or a reference signal hopping pattern to be used by
the target UEs. Also, as described earlier, other UEs which successfully receive and/or
decode the group control message can try to mitigate collisions by avoiding the resources

and/or reference signals granted to the target UEs.
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In some embodiments, the information indicating resources and/or MA signatures granted to
UEs may be present in a common control channel. For example, if a particular time-
frequency resource and reference signal is granted to UE 102a in the co-existence region,
then the grant may be broadcast by being sent in a common control channel. The UEs know
in advance where to find the grant in the common control channel. Target UE 102a decodes
the grant in the common control channel. Other UEs permitted to send grant-free uplink
transmissions in the co-existence region also decode the grant in the common control channel

so that the other UEs can avoid using the time-frequency resource and/or reference signal

granted to UE 102a.

In some embodiments, the base station 100 may preconfigure or schedule a resource hopping
pattern and/or a reference signal hopping pattern for UE 102a to use for any grant-free uplink
transmissions. UE 102a reads the common control channel to determine if there is signaling
indicating a resource or reference signal to avoid. For example, if UE 102¢ has been granted
resource A and reference signal #1, then UE 102a would ideally want to avoid using resource
A and reference signal #1. As another example, if UE 102d has been granted a particular
resource hopping pattern and/or reference signal hopping pattern, then UE 102a would
ideally want to avoid the hopping pattern granted to UE 102d. Therefore, in some
embodiments, UE 102a changes its resource hopping pattern and/or reference signal hopping
pattern after reading the common control channel. For example, UE 102a may switch to a
new hopping pattern and inform the base station 100 that it has changed its hopping pattern.
As another example, UE 102a may request that the base station 100 assign a new hopping

pattern, and then wait for the base station 100 to assign a new hopping pattern.

In some embodiments, a UE may perform an initial grant-free uplink transmission, followed
by subsequent transmissions or retransmissions of the initial data before receiving or
necessarily even waiting for a NACK or ACK. The subsequent transmissions sent by the UE
may use predefined resources or a scheduled resource hopping pattern. For example, the UE
may be assigned a hopping pattern of shared resources to be used for grant-free uplink
transmissions. The UE may use the hopping pattern of resources to send grant-free uplink
retransmissions until an ACK is received. However, in some embodiments, if an ACK is not
received after a particular number of retransmissions (e.g. a few retransmissions), then the
UE may listen to a common broadcast channel, which may reschedule the UE to a new

resource hopping pattern and/or new reference signal hopping pattern, or may tell the UE to
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avoid using certain resources and/or reference signals. The UE may then change the resource
hopping pattern and/or reference signal hopping pattern used for one or more subsequent
uplink transmissions. In some embodiments, the common broadcast channel may tell the UE
to increase the UE’s transmission power and/or reduce the modulation and coding scheme
(MCS) used for subsequent retransmissions. In this way, the base station 100 may use
downlink control information (e.g. in a common broadcast channel) to modify a UE’s
retransmissions, such as change a resource or MA signature hopping pattern used by the UE

and/or modity the transmit power and/or MCS of the UE.
Switching from grant-free to grant-based uplink transmission

In some embodiments, when a UE sends a grant-free uplink transmission, in response the
base station 100 may schedule a grant-based uplink transmission for the UE. As one example,
and as described earlier in relation to FIG. 4, a UE may send a grant-free uplink transmission
with a BSR indicating that the UE has more data to send to the base station 100. In response,
the base station may then schedule a grant-based uplink transmission for the UE. The grant-
based uplink transmission may be a scheduled transmission of a new transport block (TB)
(e.g. a new packet). As another example, a UE may send an initial grant-free uplink
transmission, and the data in the initial grant-free uplink may be unsuccessfully decoded by
the base station100. In response the base station 100 may send a grant (or semi-persistent
grant) for the UE to send one or more retransmissions. Scheduling an uplink transmission for
a UE in response to receiving a grant-free uplink transmission may be referred to as a “grant-
free to grant-based switch”, i.e. a grant-free uplink transmission is received from a UE, and in
response a grant-based uplink transmission is scheduled for that UE. A grant-free to grant-
based switch may be performed by sending a scheduling grant (or semi-persistent scheduling
grant) to the UE that sent the grant-free uplink transmission. In response to the scheduling
grant, the UE switches from performing grant-free transmission/retransmission to grant-based

transmission/retransmission using resources defined in the scheduling grant.

The grant to switch grant-free to grant-based transmission or grant-based retransmission can
be sent in DCI, where the CRC of the DCI is masked or scrambled with a UE ID, e.g. a cell
radio network temporary ID (C RNTI) or grant-free (GF) RNTL The C RNTI and GF RNTI
may be assigned in RRC signaling. The C RNTTI is the same RNTTI assigned for grant-based

transmission, which is used to mask the CRC of DCI used for a regular uplink scheduling
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grant. The GF RNTI may be assigned for control signalling with respect to grant-free

transmission (e.g. masking a CRC of a DCI with respect to grant-free transmission). In some
embodiments, the GF RNTI is different than the C RNTI. In some embodiments, there is no
separate GF RNTI defined, and instead the C RNTI is used for the GF RNTI. The DCI grant
to switch grant-free to grant based transmission or grant-based retransmission may indicate a
HARQ process ID to identify which TB is to be retransmitted or which HARQ process ID is

used for the new TB transmission.

In some embodiments, the base station 100 may perform a grant-free to grant-based switch
based under certain conditions. Any one condition, or any combination of conditions
discussed herein may be used by the base station 100 to determine whether to perform a

grant-free to grant-based switch. Example conditions include:

(1) The grant-free message includes a BSR indicating the UE has data (or more data) to send.

In response, the base station 100 may perform a grant-free to grant-based switch.
and/or

(2) The data in the grant-free message is unsuccessfully decoded. In response, the base station

100 may perform a grant-free to grant-based switch.
and/or

(3) Latency requirement. If a UE is close to its latency bound, then the base station 100 may
perform a grant-free to grant-based switch. Otherwise, the base station 100 may not perform
the switch, in which case the base station 100 may just send an ACK or NACK without a
scheduling grant, or the base station 100 may not send anything. Any subsequent
transmissions (or retransmissions) by the UE may then be sent via grant-free uplink
transmissions. More generally, regardless of latency requirement, if the base station 100
determines that a grant-free to grant-based switch for a UE is not to be performed, then that

UE may continue grant-free transmissions/retransmissions.
and/or

(4) Number of transmissions. For example, if a UE has sent several (e.g. three)
retransmissions of data via grant-free uplink transmission, and decoding of the data by the

base station still fails, then the base station may perform a grant-free to grant-based switch by
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sending a scheduling grant for the next retransmission. In some embodiments, the number of
retransmissions may be determined by a reference signal identification (e.g. the reference
signal used in the retransmission) or by a separate indicator sent by the UE in the grant-free

uplink transmission.
and/or

(5) The UE may send an indicator that indicates whether the UE desires to switch to grant-
based uplink transmission, based on the UE’s known circumstances or requirements (e.g., the
UE’s latency requirement, traffic load, channel conditions, etc.). The base station 100 may
perform a grant-free to grant-based switch if the UE indicates a desire to switch to grant-

based uplink transmission.
and/or

(6) The traffic load of grant-free UEs, e.g. the number of grant-free UEs that arrive in a
current or recent subframe(s). If the number of grant-free uplink transmissions and/or the
number of UEs permitted to send grant-free uplink transmissions exceeds a certain threshold,

then in response a grant-free to grant-based switch may be performed for one or more UEs.
and/or

(7) If there is a potential future collision from a currently detected UE operating in grant-free
transmission mode, then a grant-free to grant-based switch may be performed to try to avoid

the potential future collision.
and/or

(8) Quality of Service (QoS) requirements. Depending upon the QoS requirements of a UE
sending a grant-free uplink transmission, a grant-free to grant-based switch may be

performed for that UE.

As is clear from embodiments described earlier, it will not always be the case that a grant-
free to grant-based switch is performed for a target UE. Sometimes a target UE may send a
grant-free uplink transmission, and in response a grant-based uplink transmission may not be
scheduled by the base station. Rather, subsequent uplink transmissions of the target UE may
still be grant-free. Some examples of such situations are described earlier. A few more

examples are as follows.
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In some embodiments, a target UE sends a grant-free uplink transmission with a BSR
indicating that the target UE has data (or additional data) to send to the base station 100. In
some embodiments, the grant-free uplink transmission may be a contention-based scheduling
request, or the grant-free uplink transmission may include initial data (e.g. as in message 150
of FIG. 1). The base station 100 correctly decodes the grant-free uplink transmission but
decides not to perform a grant-free to grant-based switch. Therefore, the base station 100
sends an ACK to the target UE without a scheduling grant. The subsequent data from the
target UE is therefore transmitted in subsequent grant-free uplink transmissions. As described
earlier, the ACK may be broadcast to other UEs permitted to send grant-free uplink
transmissions for the purpose of collision avoidance. For example, the other UEs permitted to
send grant-free uplink transmissions may be able to derive from the ACK a future MA
signature and/or future resource the target UE may use for the subsequent grant-free uplink

transmissions.

In some embodiments, a target UE sends a grant-free uplink transmission (that may or may
not include a BSR) to the base station 100. The base station 100 is unable to successfully
decode the data of the grant-free uplink transmission, but is able to identify the UE that sent
the grant-free uplink transmission (e.g. activity detection of the UE’s reference signal is
successful and is indicative of the UE). The base station 100 decides not to perform a grant-
free to grant-based switch. The base station 100 therefore sends a NACK to the target UE
without a scheduling grant. Retransmissions from the target UE are performed using grant-
free uplink transmissions. As described earlier, the NACK may be broadcast to other UEs
permitted to send grant-free uplink transmissions for the purpose of collision avoidance. In
some embodiments, the base station 100 may not even send a NACK, in which case the
absence of an ACK means to the target UE that a retransmission should be performed via a

grant-free uplink transmission.

In some embodiments, a target UE sends an initial grant-free uplink transmission (that may or
may not include a BSR) to the base station 100. The base station 100 is unable to successfully
decode the data of the initial grant-free uplink transmission and is unable to identify the UE
that sent the initial grant-free uplink transmission. The base station 100 does not send any
response to the initial grant-free uplink message. No grant-free to grant-based switch is
performed. The target UE sends a subsequent grant-free uplink transmission. The subsequent

grant-free uplink transmission may carry the same data as the initial grant-free uplink

26



10

15

20

25

30

WO 2018/107944 PCT/CN2017/112154

transmission, or the subsequent grant-free uplink transmission may be a retransmission of the

data in the initial grant-free uplink transmission.
Grant-Free Repetitions and Grant-Free to Grant-Based Switch

As mentioned above, in some embodiments a UE may perform an initial grant-free uplink
transmission of data, followed by subsequent transmissions or retransmissions of the initial
data before receiving or necessarily even waiting for a NACK or an ACK. For example, in
some embodiments, UE 102a may be configured to send an initial transmission of a transport
block (TB) (e.g. of a packet, such as message 150), and then automatically perform
subsequent transmissions of the TB via subsequent grant-free uplink transmissions. The
automatic grant-free subsequent transmissions will be referred to as performing repetitions of
the TB. That is, an initial uplink transmission of the TB may be performed, followed by

repetitions of the TB using subsequent grant-free uplink transmissions.

In some embodiments, the repetitions of the TB may use different redundancy versions
compared to the initial transmission, e.g. RV 0 for the initial transmission of the TB, RV 1 for
the first repetition of the TB, RV 2 for the second repetition of the TB, etc. However, the
redundancy versions do not have to be different. In some embodiments, repetitions of the TB
may use different MCS, e.g. the initial transmission may have a high MCS, the first repetition
may have a lower MCS, the second repetition may have an even lower MCS, etc. However,

the MCS of different repetitions do not have to be different.

In some embodiments, the repetitions may be performed on preconfigured resources or
preconfigured hopping patterns. For example, based on the grant-free resources used by UE
102a to send the initial grant-free uplink transmission, there may be fixed future resources
predetermined in advance for sending any repetitions related to the initial grant-free uplink
transmission. For example, if the initial grant-free uplink transmission uses time-frequency
location A in a first transmission time interval (TTT), then the first repetition is sent at time-
frequency location B in the next TTI, and the second repetition is sent at time-frequency
location C in the following TTIL etc. In this disclosure, a TTI or a time interval can mean a
subframe, a frame, a slot, a time slot, a mini-slot, an OFDM symbol, a particular number of
OFDM symbols or any other time unit. In some embodiments, a repetition is sent on
preconfigured grant-free resources in the subsequent order of time or a combination of time

and frequency. For example, if grant-free resources are configured with a periodicity equal to
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P TTlIs, and a UE that is configured with a repetition number K performs an initial grant-free
uplink transmission at TTI M, then the UE may perform continuous repetitions at TTIs
M+P M+ 2P,...,M+ (K —1)* P. The grant-free repetitions can be done at resources
that are non-contiguous in time, as with this example when P > 1. In some embodiments, the
grant-free repetitions may be done in subsequent order of time following the grant-free initial
transmission. For example, if a UE that is configured with a repetition number K performs
an initial grant-free uplink transmission at TTI M, the UE may perform continuous repetitions
at TTIsM+1, M + 2, ..., M + K — 1. In some embodiments, the repetitions may be

performed by UE 102a until one of the following conditions is met:

(1) The number of repetitions (including the initial transmission) for the TB reaches K. That
is, the UE 102a has performed K transmissions of the TB. In some embodiments, K is semi-
statically configured by the base station 100, such that the base station 100 / network can

adjust K over time.
or

(2) A grant is received from the base station performing a grant-free to grant-based switch, i.e.
the base station 100 sends a grant to UE 102a to perform one or more of the retransmissions.
If an uplink grant is successfully received by the UE for a TB, then the uplink grant allocation
overrides the grant-free allocation, and the UE’s transmission/retransmission of the TB

follows the uplink grant.

In some embodiments, multiple HARQ processes may be supported for grant-free uplink
transmissions from the same UE. The different HARQ processes may be identified using
different HARQ process IDs. For example, when a UE sends an initial transmission of a first
TB and any repetitions of that first TB, then the UE may associate such initial
transmission/repetitions with a HARQ process ID #0. When the UE sends an initial
transmission of another TB and any repetitions of that other TB, then the UE may associate
such initial transmission/repetitions with a HARQ process ID #1, etc. Multiple HARQ

processes may be ongoing in parallel for the same UE.

When multiple HARQ processes are supported for the same UE, the DCI grant to switch a
UE from grant-free to grant-based may need to identify the TB to which the grant-free to

grant-based switch is directed. That is, in some embodiments, the UE receiving the grant
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needs to know the HARQ process ID (that is, the TB) to which the grant is directed so that
the UE knows which TB to switch from grant-free to grant-based uplink transmissions. In
one embodiment, the HARQ process ID may be explicitly or implicitly indicated in the grant,
and there is provided a mechanism to associate uplink TB transmissions with HARQ process
IDs in a way that is known by both the base station and the UEs. One method to associate a
HARQ process ID with an uplink transmission of a TB is to use a known mapping between

uplink time-frequency resources and HARQ process IDs.

Diftferent ways to map grant-free uplink transmission opportunities to uplink time-frequency
resources and to assign HARQ process IDs are described below. In general, the mapping of
the HARQ process ID to the time/frequency resources may depends on one or a combination
of some or all of the following parameters: periodicity, the maximum configured HARQ
process L for the UE or for each resource set, the current time index (e.g. CURRENT TTI
described later), repetition number K, frequency location index or resource set index, total
number of resource sets, a HARQ process ID offset for each resource set. Detailed

combinations are possible, as described in the different examples of this disclosure.

In one embodiment, a set of grant-free uplink transmission resources follows a periodicity,
which is configured by the base station and which refers to the access interval (in time)
between opportunities to send an initial grant-free uplink transmission of a TB. For example,
a periodicity of eight means that there are eight time intervals between each opportunity to
send an initial grant-free uplink transmission. The time location of the initial grant-free uplink
transmission resources may also depend on a resource offset value, which may be signalled
or indicated in RRC signalling or DCI signaling. The offset value may indicate the time
location of one or more grant free uplink transmission resources, or the time location of one
resource with respect to system frame number (SFN=0), or the relative time location of the
grant-free uplink transmission resources within one periodicity, e.g., the offset may indicate
the time location index (e.g. TTI index, slot index or subframe index) of one grant-free uplink

transmission resource with respect to frame O (e.g. with respect to system frame number

(SFN)=0).

In one example, FIG. 7 illustrates a grant-free uplink transmission resource set 402
comprising a plurality of blocks of time-frequency resources that may be used by a UE for

grant-free uplink transmissions. Twenty-eight time-frequency blocks are illustrated as an
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example, each one spanning one time interval and associated with a respective time index
between 0 and 27. For example, the first block spans a time interval of duration T and is

designated using index 0.

The time-frequency resource blocks in FIG. 7 are illustrated as being contiguous in time and
the same size (i.e. spanning the same time duration and encompassing the same frequency
range), but this is only an example for simplicity. In actual implementation the blocks may be
distributed in time and/or frequency. Also, the time duration of each block is implementation
specific, e.g. a time interval T may represent a transmission time interval (TTT) or a slot or a
mini-slot or a subframe or a particular number of OFDM symbols, depending upon the
implementation. Each index refers to a time interval, which corresponds to a respective time-
frequency resource region in FIG. 7. Similarly, with respect to FIGs. 8 to 27 described below,
the illustrated time-frequency resource blocks are shown as being the same size and
contiguous in some cases, but this is only an example for simplicity. In actual implementation
the blocks may be distributed in time and/or frequency. Also, the time duration of each time
index is implementation specific. In FIG. 7, the periodicity between grant-free uplink initial
transmission opportunities is eight time indices. A periodicity may instead be called an access

interval.

In some embodiments, the grant-free uplink transmission resources shown in FIG. 7 are
contiguous in time, e.g. as illustrated. For example, each resource may spana T = 1 time
interval, where the time interval may be a TTI, which may be a slot, mini-slot, subframe, or a
particular number of OFDM symbols. The periodicity may be defined with a unit equal to the
TTL Therefore, the grant-free initial transmission resources in FIG. 7 may be 8 TTIs apart.
Resources 1, 2, 3, 4, 5, 6, 7 may be resources in the following TTIs after resource 0.
Resources 1-7 may have the same frequency location or same relative frequency location, or
have a predefined mapping of frequency location with respect to resource 0, e.g. they may
share the same physical resource block (PRB) or VRB index. In some embodiments, some of
the resources between the grant-free initial transmission resources are not configured as
grant-free uplink transmission resources (e.g. if repetition is not configured or the repetition
number configured for the UE is K = 1, e.g. resources 1-7, 9-15, 17-23, and 25-27 in FIG. 7
may not be configured as grant-free uplink transmission resources) .FIG. 8 illustrates a
variation of FIG. 7 for an example in which: the number of automatic transmissions of a TB

is K = 4; each bundle of K = 4 adjacent indices is mapped to a respective HARQ process ID;

30



10

15

20

25

30

WO 2018/107944 PCT/CN2017/112154

and the maximum number of configured uplink HARQ processes a UE may have is L = 3
(HARQ process ID 0, HARQ process ID 1, and HARQ process ID 2). HARQ process ID 0 is
assigned to the bundle of four adjacent indices beginning at index 0, HARQ process ID 1 is
assigned to the bundle of four adjacent indices beginning index 8, etc.. In some embodiments,
only the initial uplink grant-free transmission resources (e.g. resources 0, 8,16, and 24 in FIG.
8) have an explicit mapping to the HARQ process ID. The repetitions of the same TB after
the initial transmission automatically use the same HARQ process ID as the initial
transmission and therefore do not need to have an explicit mapping to the HARQ process ID.
In some embodiments, some of the resources between the grant-free initial transmission
resources are not configured as grant-free uplink transmission resources (e.g. if the repetition
number configured for the UE is K = 4, resources 4-7, 12-15, and 20-23 in FIG. 7 may not

be configured as grant-free uplink transmission resources).

The relationship between HARQ process ID and resource may also be expressed according to
the following formula for specifying the HARQ process ID for a bundle based on the index

number of the initial transmission opportunity of that bundle: HARQ process ID =

l index
perodicity

J mod L, where “mod” is the modulo operation and “| | is the floor function (i.e.
[x| gives the largest integer less than or equal to x), . The index refers to the time indices of
current time where the grant-free transmission resource is located or the grant-free
transmission happens, and it may instead be referred to as CURRENT _TTI. The time unit of
CURRENT _TTI can be a subframe, slot, mini-slot or a particular number of OFDM symbols,
or any time unit. CURRENT _TTI may also be defined considering the frame number. For
example, if CURRENT _TTI is defined based on subframe,

CURRNT _TTI=[(SFN*10)+subframe number], where SFN is the system frame number. In
another example, CURRENT TTI may be defined as a slot number, e.g.

CURRNT _TTI=[(SFN*20)+slot number] as there may be 20 slots per system frame.

In the example illustrated in FIG. 8, a TB arrives at the transmit buffer of the UE during time
index 10. The grant-free initial uplink transmission of the TB to the base station therefore
occurs at the next grant-free uplink initial transmission opportunity, i.e. at index 16, followed
by three repetitions at indices 17, 18, and 19. The HARQ process ID for the TB is 2 because
that is the HARQ process ID mapped to the bundle of resources at indices 16 to 19.
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In FIG. 8, the repetitions occur on the K — 1 time indices (e.g. TTIs) immediately following
the time index at which the initial transmission occurs. This is only an example. In other
embodiments, the repetitions may follow another preconfigured time and/or frequency
hopping pattern. If resource hopping is enabled, the actual physical time-frequency resources
may be derived using the configured resource hopping pattern. In any case, the indices
designated for uplink grant-free initial transmissions (e.g. indices 0, 8, 16, and 24 in FIG. 8)
are referred to initial transmission resources, and the indices used for sending repetitions are
referred to as repetition resources (e.g. in the case K = 4, indices 1, 2, 3, 9,10, 11 etc. in FIG.
8). Note that in the case of repetition with repetition number K > 1, initial transmission

throughout this disclosure may refer to the first repetition among K repetitions.

FIG. 9 illustrates an alternative to the FIG. 8 embodiment in which when a packet arrives to
be transmitted, the UE does not necessarily have to wait until an initial transmission resource,
i.e. the UE does not necessarily have to wait to send the initial transmission at the next initial

transmission index. Instead, the initial transmission may be sent on a repetition resource.

In FIG. 9, the repetition is done on the time indices following the initial transmission, e.g., on
resources 11, 12, 13, and 14 for the K = 4 repetitions of the same TB (as illustrated). In
another embodiment, the repetition may be sent on the time resources following the initial
transmission that are designated as grant-free initial and repetition resources, e.g., resources

11, 16, 17, and 18 may be used for the K = 4 repetitions of the same TB.

In FIG. 9, the HARQ process ID assigned to the TB is equal to the HARQ process ID
associated with the resource block at which the grant-free uplink initial transmission is sent.
Note that the HARQ process ID for the TB in FIG. 9 is different from the HARQ process ID
for the TB in FIG. 8 because the HARQ process ID for the TB in FIG. 9 is equal to the

HARQ process ID associated with the resource block at which the initial transmission is sent.

A possible benefit of FIG. 9 compared to FIG. 8 is that the UE may not have to wait several
time indices before being able to send the TB. In the example of FIG. 9, the TB transmission
may begin at the next time index, as shown at 406. Low latency applications may be better

supported.

Therefore, in some embodiments, the UE may use a repetition resource for transmission of a

new TB. In some embodiments, the UE may avoid doing this if the repetition resource is
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already being used for sending the repetition of another TB. There may be an indication (e.g.
a flag) in control information sent from the base station to indicate whether the UE is allowed
to use a repetition resource for the initial transmission of a new TB. The indication may be
sent in radio resource control (RRC) signaling or DCI signaling. The indication may be
resource set/configuration specific, i.e, defined for each resource set. In some embodiments,
the indication may be associated with the application scenario, numerology or any other
means to identify the application scenario. For example, if the application is URLLC, the UE
may be allowed to transmit initial transmissions on repetition resource. If the application is
eMBB or other non-low latency services, the UE may be only be able to transmit an initial

grant-free uplink transmission on an initial grant-free uplink transmission resource.

In the example of FIG. 8, the base station knows when an initial grant-free uplink
transmission of a TB is being received based on the time index of the time-frequency
resources used to send the uplink transmission. This is because only initial transmission
resources are used to send initial grant-free uplink transmissions. Such is not the case in FIG.
9, and so the base station would need another way to distinguish between initial transmissions
and repetitions of a TB. One way to distinguish between initial transmissions and repetitions
of 'a TB could be based on the MA signature used for the uplink transmission, e.g. an initial
transmission of a TB may use a reference signal that is different from one or more reference
signals used for repetitions of the TB. The base station may then identify an initial
transmission of a TB based at least in part on the reference signal used in the grant-free
uplink transmission. In some embodiments, the base station may identify the timing of the
initial transmission by other means. For example, a UE can indicate whether the transmission
is initial transmission, e.g through a new data indicator (NDI) along with the grant-free
transmission. The indicator can be sent in an uplink control channel or a data channel. The
base station may be able to identify the initial transmission using the decoded indicator.

Once the base station has identified the initial transmission timing (by using MA signature or
other means), the base station may identify the following repetitions of the same TB by using
the subsequent time indices after the initial transmission. The HARQ process ID may be

identified using the HARQ process ID mapped to the initial transmission.

In some embodiments, the periodicity and offset value are used to define a grant-free uplink
transmission time-frequency resource, regardless of whether the grant-free uplink

transmission time-frequency resources are initial transmission resources or repetition
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resources. The periodicity of the configured grant-free uplink transmission time-frequency
resources may therefore instead refer to the access interval between neighbouring grant-free
uplink transmission time-frequency resources regardless of whether the grant-free uplink
transmission time-frequency resources are initial transmission resources or repetition
resources. FIG. 10 illustrates a grant-free uplink transmission resource set 422 in which the
periodicity between grant-free uplink transmission opportunities is three. FIG. 11 illustrates a
variation of FIG. 10 in which: the configured number of repetitionss of a TB is K = 3; each
bundle of K = 3 adjacent grant-free uplink transmission opportunities is mapped to a
respective HARQ process ID; the maximum number of configured uplink HARQ processes a
UE may have is L = 2; and each grant-free uplink transmission resource is designated as
either an initial transmission resource or a repetition resource. When a TB arrives at the
transmit buffer of the UE for uplink transmission to the base station, the UE waits until the
next available initial transmission resource to send the grant-free uplink initial transmission
of the TB. In the example shown in FIG. 11, a TB arrives for uplink transmission during time
index 10, and the transmission of the TB begins at time index 18, with the first repetition
occurring at time index 21 and the second repetition occurring at time index 24. The TB is
assigned to HARQ process ID 0 because that is the HARQ process ID mapped to indices 18,
21, and 24.

FIG. 12 illustrates another variation of FIG. 10 in which: the number of automatic
transmissions of a TB is K = 3; each bundle of K = 3 adjacent grant-free uplink
transmission opportunities is mapped to a respective HARQ process ID; the maximum
number of ongoing HARQ processes a UE may have is L = 2; but each grant-free uplink
transmission resource is not specifically designated as an initial transmission resource or a
repetition resource. An initial transmission of a TB or a repetition of that TB can occur at any
grant-free transmission opportunity. When a TB arrives at the transmit buffer of the UE for
uplink transmission to the base station, the UE waits until the next available grant-free uplink
transmission resource to send the grant-free uplink initial transmission of the TB. The
repetitions follow on the subsequent grant-free uplink transmission resources. The HARQ
process ID assigned to the TB is the HARQ process ID associated with the index at which the
initial transmission is sent. In the example shown in FIG. 12, a TB arrives for uplink
transmission during time index 10, and the transmission of the TB begins at time index 12,

with the first repetition occurring at time index 15 and the second repetition occurring at time
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index 18. The TB is assigned to HARQ process ID 1 because that is the HARQ process ID
mapped to index 12. Although the repetitions are shown as being transmitted on the next
available grant-free uplink transmission resources, this is only an example. The repetitions do
not need to occur on neighbouring grant-free uplink transmission resources in the time
domain. For example, the 1% repetition may be sent on index 18 instead of index 15, and the

2" repetition may be sent on index 24 instead of index 18.

In FIG. 12, one way for the base station to distinguish between initial grant-free uplink
transmissions and repetitions of a TB could be based on the MA signature used for the grant-
free uplink transmission, e.g. an initial grant-free uplink transmission of a TB may use a
reference signal that is different from one or more reference signals used for repetitions of
that TB. Once the timing or time/frequency location of the initial transmission is identified,
the following K — 1 repetitions of the same TB may be identified by finding the subsequent
K — 1 grant-free uplink transmission resources following the initial grant-free uplink
transmission. The HARQ process ID may be identified based on the resource corresponding
to the initial transmission, and the following repetitions of the same TB can be considered as
using the same HARQ process ID. The same may hold true for the other embodiments

described herein, e.g. in relation to FIGs. 9, 17, and 19 to 27.

In some embodiments, the base station may use control information (e.g. one or more flags)
to configure whether the UE can: (i) send a grant-free uplink initial transmission of a TB on
any available grant-free uplink transmission resource; or (ii) only send a grant-free uplink
initial transmission on resources specifically designated grant-free uplink initial transmission
resources. For example, an indicator may be used in control information from the base station
to switch a UE between the configuration shown in FIG. 11 and the configuration shown in

FIG. 12. The indicator may be signalled in RRC signaling or DCI signaling.

One possible benefit of the mapping in FIG. 12 is that after K repetitions, the next grant-free
resource always corresponds to a different HARQ process ID, which can be ready to be used

for any new TB from the same UE.

In FIG. 12 and all other embodiments described herein, in general, if a HARQ process is
terminated (e.g. a buffer of the HARQ process is flushed by a UE because of an ACK or
grant implied ACK), then the UE may be able to transmit new data using the grant-free

resources corresponding to the same or different HARQ process of the terminated HARQ
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process. However, if a HARQ process is ongoing (e.g. a UE is waiting for an ACK/NACK
or other feedback or a retransmission is scheduled for the TB), then the UE may be able to
use grant-free resources corresponding to a different HARQ process ID to transmit a new TB

(i.e. avoid the grant-free resources of the same HARQ process ID) to avoid conflict.

In FIG. 12, and all other embodiments described herein, a UE’s continuous grant-free
repetitions may be optionally stopped early by a grant or optionally stopped early by an ACK
before finishing the K repetitions, as described earlier. If a UE receives an ACK of a TB, the
UE may flush the buffer of the HARQ process corresponding to the TB immediately. In some
embodiments, after receiving the ACK, the UE may only flush the buffer of the
corresponding HARQ process at a time when the UE needs to use the same HARQ process
ID to transmit new a TB (e.g., if the UE has a new packet and needs to transmit immediately,
but the next grant-free resource available corresponds to the same HARQ process ID because
the UE has not finished the K repetitions yet, then the UE may flush the buffer and transmit
the new TB at the resource corresponding to the same HARQ process ID). In some
embodiments, the ACK may be implicitly indicated by a grant, e.g., if the grant is to schedule
a transmission of a new TB that corresponds to the same HARQ process ID of the current TB,
the grant may be considered to imply an ACK for that TB. In this case, the UE may flush the
buffer of that TB and transmit a new TB following the scheduling grant if it has new data to
transmit. If the UE receives an ACK of a TB and has flushed the buffer of the TB, then UE
may use any of the subsequent grant-free resources to perform a grant-free transmission of a
new TB regardless of whether the HARQ process ID of the grant-free resource is the same or
different from the HARQ process ID of the TB the ACK is for. If the UE receives a grant
before or after fishing the K repetitions of a TB, the grant may be a grant to schedule a grant-
based retransmission of the TB, and so the UE may stop the grant-free repetition and switch
to grant-based re-transmission. If the grant-based and grant-free transmission share the same
HARQ process ID, then in the mean time before the HARQ process of the TB is
acknowledged (or buffer flushed), the UE may only be able to use a grant-free resource
corresponding to a different HARQ process for transmission of a new TB. In some cases, this
may mean the UE may have to wait for some time as K repetitions may have not been
finished, and there is a chance that the next transmission resource is using the same HARQ
process ID of that TB. If the UE finishes K repetitions of a TB and the UE has new data to

transmit, the UE may need to transmit the new data at a grant-free resource with a different
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HARQ process ID if the previous K repetitions have not be acknowledged. In FIG. 12, a UE
can always transmit immediately at the next grant-free resources for a new TB, as it always

corresponds to a different HARQ process ID.

In some embodiments, if the UE finishes K repetitions of a TB, and the UE has not received
an ACK or grant yet, the UE may wait for HARQ feedback (ACK/NACK or grant). If the UE
does not receive an ACK or grant from the base station within a predefined window, then the
UE may perform grant-free retransmissions of the TB. grant-free retransmissions may be
done on configured grant-free resources. Grant-free retransmissions may include another set
of K repetitions. In one embodiment, the grant-free retransmissions may be done only on
grant-free resources corresponding to the same HARQ process ID. In this scenario, the base
station may be able to combine the grant-free retransmission and the initial K grant-free
repetitions, as they can be identified using the same HARQ process ID. The grant-free
retransmission may have to wait for some time to find the grant-free resource corresponding
to the same HARQ ID process. In another embodiment, the grant-free retransmission may be
able to use any of the following available grant-free resources, regardless of whether the
corresponding HARQ process ID is the same or different from the HARQ process ID of the
initial K repetitions. In the case where the HARQ process ID of the grant-free retransmission
is different from the initial K repetitions, the base station may choose to decode the initial K
repetitions and grant-free retransmissions independently (i.e., not combing both). The

described procedure also works for the case where K = 1.

In some embodiments, the grant-free repetitions can be spread in the frequency domain, the
time domain, or a combination of the time and frequency domain. An indicator in control
information (e.g. a flag) may be configured (e.g. in RRC signaling) to indicate whether grant-

free repetition is performed in the frequency domain first or the time domain first.

FIG. 13 illustrates an example in which each time index has two grant-free uplink
transmission opportunities. The number of automatic transmissions of a TB is K = 4. Two
TBs (TB 0 and TB 1) are being transmitted in parallel at the same time intervals, but on non-
overlapping frequency resources. FIG. 14 is a variation of FIG. 13 in which two
transmissions of the same TB occur in the same time interval on non-overlapping frequency
resources. In FIG. 14, multiple transmissions of the same TB are transmitted in parallel,

which has the benefit that the automatic transmissions of a TB occur over a shorter time
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interval. A possible drawback of the FIG. 14 embodiment is that the power for transmitting a
TB on a given time interval may need to be spread between the two transmissions of that TB

on that time interval.
Resource Configuration for Multiple Sets of Grant-Free Uplink Resources

There are different types of uplink grant-free transmission methods, which may correspond to
different ways of configuring the grant-free uplink resources. For a first type of grant-free
uplink transmission, the transmission resources may be configured/reconfigured by RRC
signaling without layer one (L1) (e.g. DCI) signaling. After the UE receives the resource
configuration from RRC signaling, the UE can perform uplink grant-free transmission
without L1 signaling. For a second type of grant-free transmission, the transmission resources
may be based on both RRC signaling and L1 signaling (e.g. DCI) for activation/deactivation.
There may be a third type of grant-free transmission, which is based on RRC configuration.
The UE may perform grant-free transmission without L1 activation. However, it allows the
use of L1 signaling (e.g. DCI) to modify some parameters configured in RRC. A UE may
support one type of grant-free transmission only, or support multiple types of grant-free
transmissions simultaneously. The network (via the base station) may configure a UE
explicitly, or implicitly indicate whether the UE can support one or multiple types of grant-
free transmissions, or indicate which types of grant-free transmission it supports. The
indication may be in RRC signaling. The indication may be sent along with resource
configurations in RRC. In this disclosure, we may use “grant-free type” or “GF type” to refer
to the different types of grant-free transmissions described above. We may refer to “grant
type” to refer to different resource signaling options, i.e, different types of grant-free
transmission and grant-based transmission. For example, a grant type can be type 1 grant-free
transmission (resource configured by RRC signaling only), type 2 grant-free transmission
(resource configured by RRC signaling and DCI signalling), type 3 grant-free transmission
(resource configured by RRC signalling only, but with DCI modifying resource parameters),
grant-based transmission (resource signalled by DCI), which all can be considered different
grant types. In some embodiments, whether a UE is type 1 resource configuration or type 2
resource configuration is indicated by an activation indicator, which refers to whether
activation or deactivation is enabled. The indicator may be a flag (L1 activation flag). For
example, if the flag is 0, activation is not enabled and the grant-free transmission is type 1, if

not the resource configuration may be type 2 and vice versa. In some embodiments, whether
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a UE is type 1 grant-free transmission or type 3 grant-free transmission may be indicated by
an indicator that indicates whether L1 signaling can be used to modify the GF resource
parameters configured in RRC. The indicator can also be a flag (L1 modification flag). For
example, if the L1 modification flag is 0, it may indicate that the grant-free transmission is
type 1, if the L1 modification flag is 1, it may indicate that the grant-free transmission is type
3. In some embodiments, only when the L1 activation flag is 1 and L1 modification flag is O,
the grant-free transmission is type 3. When there are multiple grant-free configurations or
multiple grant-free resource sets, each configuration or resource set may include the above
indicators/flags, which identify the types of grant-free transmission for each
configuration/resource set of the UE in the same manner as described above for the UE. In
this disclosure, semi-persistent scheduling (SPS) in LTE or new radio (NR) may be

considered as a type 2 grant-free transmissions.

For grant-free transmission, the parameters configured in RRC may include one or more of
the following: a grant-free C-RNTI (GF C-RNTT) or group C-RNTI, periodicity; resource
offset; time-domain resource allocation, frequency domain resource allocation, DMRS
configuration (may be UE specific), one or more MCS and/or transport block size (TBS)
value; number of repetition K; Power control related parameters, HARQ related parameters;
resource hopping pattern, one or more MA signature, MA signature hopping pattern, L1
activation indicator/flag, L.1 modification indicator/flag, indicator to indicate whether or not
UE can use grant-free repetition/retransmission resource for initial transmission. HARQ
related parameters may include a maximum number of configured UL HARQ processes (L),
and optionally a HARQ process ID offset. GF C-RNTTI is a type of UE ID that is used to at
least mask the CRC of a DCI message that is used for control signaling related to grant-free
transmission. It has similar functionality as C-RNTI, except it is mainly used for grant-free
transmission or related signaling. GF C-RNTI may be different from C-RNTI. Periodicity
refers to the interval between two grant-free transmission resources. As for resource offset:
the offset value may indicate the time location of one or more grant free uplink transmission
resources, or the time location of one resource with respect to system frame number (SFN=0),
or the relative time location of the grant-free uplink transmission resources within one
periodicity. For example, the offset may indicate the time location index (e.g. TTI index, slot
index or subframe index) of one grant-free uplink transmission resource with respect to frame

0 (e.g. with respect to system frame number (SFN)=0). In another example, the offset value
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is defined as the TTI index of a grant-free resource located between TTI index 0 and TTI
index periodicity-1. Time domain resource allocation may indicate the length of a grant-free
resource spanning in time domain, and it may be a TTI, a subframe, a slot, minislot or a
particular number of OFDM symbols. Frequency domain resource allocation may indicate
the frequency domain resource allocation of a grant-free resource (e.g. the PRB or VRB
index, which in some cases can be indicated by the starting frequency location and the size in
RBs). Resource hopping pattern may indicate which frequency partition/bands/sub-bands the

frequency resource is to hop to at different times.

Some or all of the grant-free parameters, such as GF C-RNTTI, periodicity, and power
control parameters, may be common for one or more different grant-free types of the same
UE. For example, a single GF C-RNTI may be configured for a UE whether UE is configured
with type 1 grant-free transmission, type 2 grant-free transmission, or both. Some or all of
the grant-free parameters, such as GF C-RNTTI , periodic, and power control parameters may
be grant-free type specific, i.e., a different set of parameters are configured/predefined for
different types of grant-free transmissions. For example, a UE that supports a type 1 grant-
free transmission may be configured with a 1* GF C-RNTI for type 1 GF transmission. If the
same UE is configured to also support a type 2 grant-free transmission as well, it may be
configured with a different 2™ GF CRNTI to support the type 2 grant-free transmission. In
some embodiments, the 2" GF C-RNTI for type 2 grant-free transmissions may be the SPS
C-RNTI. Some or all of the grant-free parameters, such as GF C-RNTI , periodicity, and
power control parameters may be common for one or more different grant types of the same
UE. For example, the UE ID for grant-based transmission and grant-free transmission may be
the same, e.g., only C-RNTI is configured, GF C-RNTI may not be configured and C-RNTI
may be used for the function of GF C-RNTI. Some or all of the parameters, such as GF C-
RNTTI and power control parameters may be grant type specific, i.e., a different set of
parameters are configured/predefined for different grant-types of transmissions. For example,
grant-based transmission and grant-free transmission may be configured with different UE
IDs, e.g. with C-RNTI and GF C-RNTI, respectively. The C-RNTI and GF C-RNTI can be
different.

In some embodiments, multiple grant-free uplink transmission resource sets or multiple
grant-free configurations may be configured (e.g. in RRC signaling) for each UE, with each

set/configuration possibly being configured in different ways. A UE may use one or multiple
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sets of grant-free resources for grant-free transmission. Each resource set may also include a
grant-free resource set index or a grant-free configuration index to identify the resource
set/configuration. There may be a maximum number of supported grant-free resource

sets/configurations parameters configured or predefined for each UE.

Multiple sets of resources may be activated by DCI signaling, e.g., for type 2 grant-free
transmissions. The multiple set of resources may be activated by a UE specific DCI. Each set
of resources can be activated by a separated DCI. The different resource sets may be
identified in separate DCI using different resource set indices, which may be explicitly
signalled. Multiple sets of resources can also be activated by a single DCI message. The DCI
activation message that actives multiple sets of resources for a UE may be signalled using a
bit map format similar to LTE DCI format 3/3A. For example, the CRC for the DCI
activation message may be masked by C-RNTI or GF C-RNTI. The DCI may contain M bits,
with each of the bits containing the information as to whether to activate or not activate a
resource set. The location of a bit among the M bits has a predefined relationship with the
resource set index configured in RRC. For example, the first bit corresponding to the
activation information for resource set index 0, the 2™ bit corresponding to the activation
information for resource set index 1, ..., the M th bit corresponding to the resource set with
resource set index M-1. M may be preconfigured or predefined. M may be the number of

actual resource sets assigned to a UE or a maximum number of resource sets that can be

configured for a UE or for the UE.

FIG. 15 illustrates two grant-free uplink transmission resource sets, 502 and 504. The two
grant-free uplink transmission resource sets 502 and 504 may be configured in different ways.
Some or all of the grant-free parameters configured in RRC may be common for all grant-
free resource sets, which may be configured or predefined for all grant-free resource sets.
Some or all of the grant-free parameters may be grant-free resource set/configuration
specific. Each set of resources may corresponds to one type of grant-free transmission (e.g.
type 1 or type 2 grant-free transmissions), indicated by the L1 activation flag and/or L1

modification.

In some embodiments, all of the configuration parameters mentioned earlier may be
configuration specific and/or resource set specific. In some embodiments, only some of the

configuration parameters mentioned earlier may be configuration specific and/or resource set
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specific. In some embodiments, configured multiple resource sets may result in configured
multiple frequency domain resources per time interval. In some embodiments, periodicity,
offset and time domain resource allocation is common for all resource sets, and frequency
domain resource allocation, resource hopping pattern, MCS, MA signature and/or DMRS
may be resource set specific. When periodicity, offset and time-domain resource parameters
are common for multiple resource sets, the multiple resource sets correspond to different
frequency resources per time interval. In some embodiments, a resource hopping pattern is
resource set specific, and periodicity, offset , time domain resource allocation, all other
frequency domain resource allocation parameters, MCS, MA signature and DMRS, K are
common for all resource sets. In some embodiments, resource hopping pattern, MA signature
and/or DMRS configuration are resource set specific, and periodicity and offset, time
domain resource allocation parameters are common for all resource sets, other parameters,
such as frequency domain resource parameters, MCS may be common for all resource sets or
resource set specific. In some embodiments, only the frequency domain resource allocation
(including resource hopping pattern) is resource set specific, and all other parameters may be
common for all resource sets. In some embodiments, the periodicity may be common for all
resource sets, and offset and time domain resource allocation, frequency domain resource
allocation, resource hopping pattern, MCS, MA signature and/or DMRS may be resource set

specific.

In some embodiments, a UE can be configured with multiple resource hopping patterns. The
multiple resource hopping patterns can be considered as or correspond to multiple sets of
resources, where each resource hopping pattern is a set of resources. Therefore, the resource
hopping pattern parameters may be resource set specific. The resource hopping pattern may
indicate which frequency partitions the resources are located with respect to different time
indexes and/or number of repetitions. The frequency partitions can be a frequency band,
frequency sub-band, a set of RBs or any range of frequency partitions. For example, a
resource hopping pattern may be defined as a sequence indicating the frequency partition
index at different times. Some or all of other grant-free resource parameters may be common
for the different resource sets. In some embodiments, multiple frequency resources per TTI
may be configured for each UE. In some embodiments, the multiple frequency resources per
TTI may corresponding to different HARQ processes. The UE may be able to transmit
multiple TBs/HARQ processes per TTL. For example, if periodicity, offset and time domain
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resource configuration parameters are common, and resource hopping pattern is different for
different sets of resources, the different sets of resources may be located in different
frequency partitions of the same TTI or same time interval. The different resource sets may
be indicated by a resource set index, which may be explicitly signalled in RRC or implicitly
indicated (e.g. by the order of the resource set configured or by the order of resource hopping
pattern signalled). The total number of resource sets (e.g., in some cases, this is the number of
frequency hopping patterns configured) and the resource set index can be used to derive the
mapping of HARQ process ID to time/frequency resources as described in the examples later.
In some embodiments, a different frequency location index (GFresourcelndexWithinTTI)

and number of grant-free resources per time interval (NumGFResourceperTTI) can be used

instead to derive the HARQ process ID.

In some embodiments, all parameters inside each configuration may be
configuration/resource set specific, but inside each configuration there may be multiple
resource sets configured for the UE. The multiple resource sets may include multiple
frequency resources per time interval, e.g. by configuring the multiple resource sets for
multiple set of resources with common periodicity and offset. More generally, each resource

configuration parameter may be resource set specific or UE (service) specific.

In some embodiments, each set of resource may correspond to a HARQ process or a range of
HARQ processes. In some embodiments, the HARQ process ID corresponding to each set of
resource may be explicitly signalled (e.g. in RRC). In some embodiments, the HARQ process
ID corresponding to a set of resources may not be explicitly signalled. In other embodiments,
the HARQ process ID/number is not explicitly indicated in the configuration, and only
multiple sets of resources are configured. In this case, there may be a predefined rule that
maps HARQ processes to the configured resources. E.g., if two sets of resources are
configured, then the first set may correspond to HARQ process number 0, and the second set
may correspond to HARQ process number 1. As another example, if two parallel sets of
resources are configured such that within one time unit/slot, there are two grant-free
resources in different frequency locations, the one with higher frequency band index may
correspond to HARQ process 0, the other then corresponds to HARQ process 1 or vice versa.
In some embodiments, the HARQ process ID may be associated with the resource

configuration index or resource set index.
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In some embodiments, the maximum number of configured uplink HARQ processes L is
shared among all the resource sets. In some embodiments, the maximum number of
configured uplink HARQ processes L is signalled for each resource set/configuration. In
some embodiments, there may be a HARQ process ID offset, which is used to define the
starting point of the HARQ ID used for each resource set. The HARQ process ID offset may

be signalled in RRC for each resource set.

FIG. 16 illustrates another example of a grant-free uplink transmission resource set 552
comprising a plurality of blocks of time-frequency resources. Sixteen time-frequency blocks
are illustrated, which may be used by a UE for grant-free uplink transmissions of TBs. Each
time-frequency block is associated with a respective time index between O and 15. The
periodicity between grant-free uplink initial transmission opportunities is one time index.
There is a preconfigured or predefined mapping between HARQ process ID and time-
frequency uplink transmission resources. Specifically, the number of configured repetitions
of a TB is K = 4; each bundle of K = 4 adjacent indices is mapped to a respective HARQ
process ID; and the maximum number of ongoing HARQ processes a UE may have is L = 3
(HARQ process ID 0, HARQ process ID 1, and HARQ process ID 2). The grant-free uplink
resources are mapped such that: time indices O to 3 are bundled and correspond to HARQ
process ID 0, time indices 4 to 7 are bundled and correspond to HARQ process ID 1, time
indices 8 to 11 are bundled and correspond to HARQ process ID 2, and time indices 12 to 15
are bundled and correspond to HARQ process ID 0.

In FIG. 16, indices 0, 4, 8, and 12 are initial transmission resources. When a TB arrives at a
UE for transmission, the UE must wait until the start of a bundle in order to send the initial
transmission and repetitions. The HARQ process ID associated with the TB is the HARQ
process ID of the bundle. The potential downfall is that the UE may have to wait several

transmissions blocks before being able to send the TB, as shown at 554.

FIG. 17 illustrates an alternative embodiment in which when a packet arrives to be
transmitted, the UE does not have to wait until the start of a bundle, i.e. the UE does not have
to wait to send the initial transmission at either time index O or 4 or 8 or 12. Instead, the
initial transmission may be sent at any available index (including on a repetition resource),
and the HARQ process ID assigned to the TB is equal to the HARQ process ID associated

with the resource block at which the initial transmission is sent. The UE may not have to wait
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several transmissions blocks before being able to send the TB. The TB transmission may
begin at any (e.g. the next available) transmission block, as shown at 556. Note that the
HARQ process ID for the TB in FIG. 17 is different from the HARQ process ID for the TB in
FIG. 16 because the HARQ process ID for the TB in FIG. 17 is equal to the HARQ process

ID associated with the resource block at which the initial transmission is sent.

In FIG. 17, one way for the base station to distinguish between initial transmissions and
repetitions of a TB could be based on the MA signature used for the uplink transmission, e.g.
an initial transmission of a TB may use a reference signal that is different from one or more

reference signals used for repetitions of the TB.

In the examples illustrated in FIGs. 16 and 17, the HARQ process ID mapped to each grant-

free uplink transmission resource block may be computed as follows:

{ index
perodicity

K

HARQ Process ID = modL

where “| |7 is the floor function (i.e. | x| gives the largest integer less than or equal to x),
“index” is the index of the grant-free resource time interval (e.g. O, 1, 2, etc.) or

CURRENT _TTI that is described earlier, “periodicity”, “K”, and “L” are defied earlier, and
“mod” is the modulo operation. In general, the HARQ process ID mapping may depend on K.
The HARQ process ID mapping of a grant-free resource may be a function of K, periodicity,

current time, and L.

FIG. 18 illustrates an example of two grant-free uplink transmission resource sets 572 and
574. A HARQ process ID offset (described earlier for resource configuration) is configured
for each resource set and used so that HARQ process IDs do not overlap between the two sets
of grant-free uplink transmission resource sets 572 and 574. Grant-free uplink transmission
resource set 572 is configured such that: the periodicity between grant-free uplink
transmission opportunities is two time intervals (e.g. two slots or two TTIs or two subframes,
etc. depending on the implementation), K = 2; L = 3; a HARQ ID offset is 0; and resource
offset is O (where a time resource offset defines a time location of a grant-free uplink
transmission resource, €.g. with respect to SFN=0 and/or within one period). Grant-free

uplink transmission resource set 574 is configured such that: the periodicity between grant-
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free uplink transmission opportunities is one time interval; K = 3; L = 4; a HARQ ID offset
is 3; and a time resource offset is 0. A UE having a TB to transmit would select either
resource set 572 or resource set 574 to send to the TB. The process implemented by the UE to
determine which resource set to use to send the TB is implementation specific. The HARQ
process ID mapped to each grant-free uplink transmission resource block of each resource set

may be computed as follows (note that the parameters can be resource set specific):

{ index
perodicity

K

HARQ Process ID = modL + HARQ ID of fest

The index may be replaced with CURRENT _TTI that is described earlier. In general, the
HARQ process ID mapping of a grant-free resource may be a function of K, periodicity,
current time, HARQ ID offset and L.

FIG. 18 illustrates grant-free uplink transmission resource sets 572 and 574 overlapping in
time, but not overlapping in frequency. However, this is only an example. In alternative
embodiments, grant-free uplink transmission resource sets 572 and 574 may partially or fully
overlap in frequency, and/or grant-free uplink transmission resource sets 572 and 574 may

partially overlap in time, fully overlap in time, or never overlap in time.

FIG. 19 illustrates an example of a grant-free uplink transmission resource set 602 configured
such that: the periodicity between grant-free uplink transmission opportunities is one time
interval; each time interval has two grant-free uplink transmission opportunities on non-
overlapping frequencies: a “lower frequency” resource block on one set of subcarriers, e.g. at
612, and an “upper frequency” resource block on another set of subcarriers, e.g. at 614; and
K =L = 4. In some embodiments, 614 and 612 may actually refer to two different grant-free

resource Ssets.

The maximum number of HARQ process IDs that may be ongoing for TBs from the same UE
(i.e. L) are shared between the lower frequency resource blocks and the upper frequency
resource blocks. Specifically, HARQ process IDs 0 and 2 are mapped to the upper frequency
grant-free uplink transmission resource blocks, and HARQ process IDs 1 and 3 are mapped
to the lower frequency grant-free uplink transmission resource blocks. In the example

illustrated in FIG. 19, three TBs arrive at different times at the transmit buffer of the UE, each
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for uplink transmission to the base station using the grant-free uplink resources. Each TB
begins transmission at the next grant-free uplink transmission opportunity, and the HARQ
process ID assigned to the TB is equal to the HARQ process ID associated with the grant-free
uplink resource block at which the initial transmission of the TB is sent. In some
embodiments, the base station distinguishes between initial transmissions and repetitions of a
TB based on the MA signature used in the grant-free uplink transmission. As shown in FIG.
19, when TB #2 arrives, it is transmitted on the lower frequency grant-free uplink
transmission resource blocks because the upper frequency grant-free uplink transmission

resource blocks are being used for transmission of TB #1.

Note that the grant-free uplink transmission resource set 602 illustrated in FIG. 19 is a logical
mapping of grant-free uplink transmission time-frequency resource blocks to time-frequency

resources. In actual implementation, a time and/or frequency hopping pattern may be used.

As an example, the HARQ ID mapping of FIG. 19 may be indicated as

HARQ Process ID

{ index
perodicity

= + NumGFResourceset

K

+ GFResourcesetindex mod L

where NumGFResourceset is the number of grant-free uplink transmission time-frequency
resource sets configured (i.e. two in FIG. 19: resource set 612 and 614), and
GFReourcesetIndex is the index of each set (resource set 614 is ‘0’ and 612 1s ‘1” in FIG. 19).
In some embodiments, the NumGFresourceset may be replaced by NumGFResourceperTTI,
the number of frequency resources configured per time interval or any time unit, the
GFResourcesetIndex may be replaced by GFresourceIndexWithinTTI, the frequency
location index among the multiple frequency resources configured per time interval or any
time unit. In some embodiments, the time interval is a TTL, e.g. a subframe, slot, or mini-slot.

In some embodiments, the time interval is defined same as the periodicity. For example, if
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there are multiple frequency hopping patterns configured for the UE,
GFresourcelndexWithinTTI may be the index of the frequency hopping pattern configured
for the UE, while the NumGFResourceperTTI may be the number of configured frequency
resource hopping patterns for the UE. The scheme may allow for parallel HARQ process
transmitted per TTL In the equation above, the index may be replaced with CURRENT TTI
that is described earlier. In general, the HARQ process ID mapping of a grant-free resource
may be a function of time and frequency location of the resources and/or repetition number K.
HARQ process ID mapping may be a function of resource set index and total number of

HARQ processes.

FIG. 20 illustrates a variation of FIG. 19 in which HARQ process IDs 0 and 1 are mapped to
the upper frequency grant-free uplink transmission resource blocks, and HARQ process IDs 2

and 3 are mapped to the lower frequency grant-free uplink transmission resource blocks.

FIG. 21 illustrates a variation of FIG. 19 in which there is only one repetition, i.e. each TB is
sent twice: K = 2. FIG. 22 illustrates a variation of FIG. 20 in which there is only one

repetition, i.e. each TB is sent twice: K = 2.

FIG. 23 illustrates a variation of FIG. 19 in which the repetitions occur in the frequency
domain. Specifically, each pair of adjacent time intervals has its four grant-free uplink
transmission blocks mapped to the same HARQ process ID, such that multiple transmissions
of the same TB are sent in parallel. The HARQ process ID assigned to a TB is equal to the
HARQ process ID associated with the grant-free uplink resource blocks at which the initial
transmission and 1" repetition of the TB are sent. The embodiment in FIG. 23 has two
possible benefits: automatic transmissions of a TB occur over a shorter time interval, and
each time interval is only associated with one HARQ process ID. A possible drawback of the
example in FIG. 23 is that the power for transmitting a TB on a given interval may need to be

spread between the two transmissions of that TB on that interval.

FIG. 24 illustrates another example of a grant-free uplink transmission resource set 652
configured such that: the periodicity between grant-free uplink transmission opportunities is
one time interval; K = L = 4; and the HARQ process ID mapping to grant-free uplink
transmission resource blocks is independent of the number of repetitions. Specifically, if m is
the HARQ process ID mapped to the grant-free transmission resource block at time index n,

then (m + 1)modL is the HARQ process ID mapped to the grant-free transmission resource
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block at time index n + 1. The HARQ process ID assigned to the TB is equal to the HARQ
process ID mapped to the grant-free uplink resource block at which the initial grant-free
uplink transmission of the TB is sent. In some embodiments, the base station distinguishes
between initial transmissions and repetitions of a TB based on the MA signature used in the
grant-free uplink transmission. Once the timing or time/frequency location of the initial
transmission is identified, the following K — 1 repetitions of the same TB may be identified
by finding the subsequent K — 1 grant-free uplink transmission resources following the initial
grant-free uplink transmission. The HARQ process ID may be identified based on the
resource corresponding to the initial transmission, and the following repetitions of the same
TB can be considered as using the same process HARQ ID. In the example of FIG. 24, if a
particular HARQ process is ongoing, or if a previous HARQ process buffer has not been
cleared (e.g. if the UE is still waiting for an ACK/NACK or grant for that HARQ process),
and a UE has a new TB in the transmit buffer to send to the base station, then the UE can
delay the initial transmission of the new TB as necessary in order to transmit it in a grant-free

resource corresponding to an unused HARQ process ID.

The HARQ process ID of FIG. 24 may be expressed

as: HARQ process ID = l index

perodicity

JmodL

If multiple resource sets are configured and each resource set is also configured with a

HARQ ID offset, then the HARQ process ID of each resource set may be expressed as

index

HARQ process ID = l

WJ mod L + HARQ ID of fset

FIG. 25 illustrates a variation of FIG. 19 in which the HARQ process ID mapping to grant-

free uplink transmission resource blocks is independent of the number of repetitions.

As an example, the HARQ ID mapping of FIG. 25 may be indicated as
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HARQ Process ID

index
= —— | * NumGFResourceset
perodicity

+ GFResourcesetlndex)‘ mod L

where NumGFResourceset is the number of grant-free uplink transmission time-frequency
resource sets (i.e. two in FIG. 25: resource set 612 and 614), and GFReourcesetIndex is the
index of each set (resource set 614 is ‘0’ and 612 is 1’ in FIG. 25). In some embodiments,
the NumGFresourceset may be replaced by NumGFResourceperTTI, the number of
frequency resources configured per time interval or any time unit, the GFResourcesetIndex
may be replaced by GFresourceIndexWithinTTI, the frequency location index among the
multiple frequency resources configured per time interval or any time unit. In some
embodiments, the time interval is a TTL, e.g. a subframe, slot, or mini-slot. In some
embodiments, the time interval is defined same as the periodicity. For example, if there are
multiple frequency hopping patterns configured for the UE, GFresourceIndexWithinTTI
may be the index of the frequency hopping pattern configured for the UE, while the
NumGFResourceperTTI may be the number of configured frequency resource hopping

patterns for the UE. The scheme may allow for parallel HARQ process transmitted per TTL

FIG. 26 illustrates a variation of FIG. 20 in which the HARQ process ID mapping to grant-

free uplink transmission resource blocks is independent of the number of repetitions.

The HARQ process ID of each resource set in FIG. 26 with resource index 1 may be

calculated as

index

HARQ process ID = l

WJ mod L_i + of fset_i

Wher L i is the number of HARQ processes for resource set i, and L._1 = floor
(L/ NumGFResourceset); and offset i=L O+L 1+...+L {i-1}; where only the total

number of HARQ processes L and resource set index and number of grant-free resource sets
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needs to be known. In some embodiments, the NumGFresourceset may be replaced by
NumGFResourceperTTI and the GFResourcesetIndex may be replaced by

GFresourcelndexWithinTTI as described above.

Similarly for FIG. 20, the HARQ process ID of each resource set,

[ index
perodicity
K

HARQ process ID =

mod L_i + of fset_i
Wher e L_iand offset i are defined above.

FIG. 27 illustrates a variation of FIG. 19 in which HARQ process ID 0 is mapped to the
upper frequency grant-free uplink transmission resource blocks, and HARQ process ID 1 is
mapped to the lower frequency grant-free uplink transmission resource blocks. FIG. 27 may
be a result of preconfigured resource sets (614 and 612), with each resource set

corresponding to a repective HARQ process.
Example Methods

FIG. 28 is a flow chart of a method performed by a base station, a target UE, and one other
UE, according to one embodiment. In step 332, the target UE sends an initial grant-free
uplink transmission. The initial grant-free uplink transmission may or may not be a
contention based scheduling request. The initial grant-free uplink transmission may include a
BSR or other indicator mentioned above (e.g. the indicator mentioned in relation to step 302
of FIG. 5). In step 334, the base station receives the initial grant-free uplink transmission. In
step 336, the base station determines that an additional transmission from the target UE is
required. In some embodiments, the additional transmission may be needed to send additional
data from the target UE. In some embodiments, the additional transmission may be a
retransmission relating to the initial grant-free uplink transmission. In step 338, the base
station 100 sends information relating to the additional transmission to the target UE. The
information relating to the additional transmission is configured to be received and/or
decoded by the other UE. The information relating to the additional transmission may be a

grant to the target UE indicating resources and/or an MA signature to use to send the
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additional transmission in a grant-based uplink transmission. In some embodiments, the grant
may be a semi-persistent scheduling grant. In some embodiments, if the additional
transmission is a retransmission due to unsuccessful decoding of the initial data, then the
information relating to the additional transmission may be a NACK without a grant, such that
the target UE is to send the retransmission via a grant-free uplink transmission. In step 340,
the target UE and the other UE both receive the information. In step 342, the target UE sends
the additional transmission. Meanwhile, in step 344 the other UE decodes the information
and reads the information to determine at least one MA signature and/or at least one resource
to avoid. In step 346, the other UE sends a grant-free uplink transmission that does not collide
with the additional transmission sent by the target UE in step 342 because the other UE has
avoided using resources and/or an MA signature used by the target UE for the additional
transmission. In step 348 the base station successfully receives the additional transmission

sent in step 342 and the grant-free uplink transmission sent in step 346.

Optionally, in step 336 the base station may determine that a grant-free to grant-based switch
for the target UE is to be performed, e.g. based on one, some, or all of example conditions (1)
to (8) described earlier. If a grant-free to grant-based switch for the target UE is to be

performed, then the information relating to the additional transmission that is sent in step 338

is a grant for the target UE.
Additional Examples
In view of the above, the following examples are provided.

Example 1: A method performed by a base station including: receiving a grant-free uplink
transmission from a user equipment; in response to receiving the grant-free uplink
transmission, generating a scheduling grant for the user equipment; transmitting the

scheduling grant to at least the user equipment.

Example 2: The method of example 1, further including also transmitting the scheduling

grant to at least a second user equipment.

Example 3: The method of example 2, wherein transmitting the scheduling grant includes

broadcasting the scheduling grant.

Example 4: The method of example 1, wherein the grant-free uplink transmission includes an

indicator.
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Example 5: The method of example 4, wherein the indicator is a buffer status report.

Example 6: The method of example 5, wherein the buffer status report indicates that the user

equipment has additional data to send to the base station.

Example 7: The method of example 1, wherein generating the scheduling grant includes

generating a semi-persistent scheduling grant.

Example 8: The method of example 7, wherein the semi-persistent scheduling grant includes
an index indicating a particular resource hopping pattern and/or MA signature hopping

pattern to be used by the user equipment.

Example 9: The method of example 8, wherein the MA signature hopping pattern is a

reference signal hopping pattern.

Example 10: The method of example 1, wherein the grant-free uplink transmission comprises

a scheduling request.

Example 11: The method of example 1, further including unsuccessfully decoding data in the

grant-free uplink transmission, and wherein the scheduling grant is sent with a NACK.

Example 12: The method of example 1 wherein, in response to receiving the grant-free uplink
transmission, generating the scheduling grant for the user equipment, includes: determining

to generate the scheduling grant based on one or more criteria.
Example 13: A base station configured to perform the method of any one of examples 1 to 12.

Example 14: A base station including: a receiver to receive a grant-free uplink transmission
from a user equipment; a resource allocator to, in response to receiving the grant-free uplink
transmission, generate a scheduling grant for the user equipment; a transmitter to transmit the

scheduling grant to at least the user equipment.

Example 15: A method performed by a first UE including: receiving a message that includes
information relating to an uplink transmission of a second UE; decoding the information in
the message; sending a grant-free uplink transmission based on the information in the

message.

Example 16: The method of example 15, wherein the information in the message is indicative

of a first resource that will be used by the second UE during a future uplink transmission sent
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by the second UE, and wherein sending the grant-free uplink transmission based on the
information in the message includes: sending the grant-free uplink transmission on a second

resource different from the first resource.

Example 17: The method of example 16, wherein the information in the message is an index

value corresponding to a particular resource hopping pattern to be used by the second UE.

Example 18: The method of example 15, wherein the message is a NACK meant for the
second UE.

Example 19: The method of example 15, wherein the information in the message is indicative
of a first MA signature that will be used by the second UE during a future uplink
transmission sent by the second UE, and wherein sending the grant-free uplink transmission
based on the information in the message includes: sending the grant-free uplink transmission

using a second MA signature different from the first MA signature.

Example 20: The method of example 19, wherein the first MA signature is a first reference

signal, and the second MA signature is a second reference signal.

Example 21: The method of example 15, wherein the message is an ACK meant for the
second UE, and wherein sending the grant-free uplink transmission based on the information
in the message includes: sending the grant-free uplink transmission on resources and/or using

an MA signature that was previously to be used by the second UE.
Example 22: A UE configured to perform the method of any one of examples 15 to 21.

Example 23: A UE including: a receiver to receive a first message that includes information
relating to an uplink transmission of a second UE; a resource detector to decode the
information in the first message; and an uplink message generator to generate a second
message to be transmitted in a grant-free uplink transmission based on the information in the

first message.

Example 24: A method performed by a UE including: generating a message having a buffer
status report, the buffer status report indicating that the UE has additional data to send to a
base station; transmitting the message, including the buffer status report, to the base station

via a grant-free uplink transmission.
Example 25: A UE configured to perform the method of example 24.
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Example 26: A UE including: an uplink message generator to generate a message having a
buffer status report, the buffer status report indicating that the UE has additional data to send
to a base station; and a transmitter to transmit the message, including the buffer status report,

to the base station via a grant-free uplink transmission.

Example 27: A method performed by a base station including: receiving a grant-free uplink
transmission from a first user equipment; in response to receiving the grant-free uplink
transmission, sending a response to the first user equipment and to at least a second user

equipment.

Example 28: The method of example 27, wherein the response includes a NACK or an ACK

for the first user equipment.

Example 29: The method of example 27, wherein the response includes a semi-persistent
scheduling grant for the first user equipment, the semi-persistent scheduling grant indicating
at least one resource partition and/or at least one MA signature for the first user equipment to

send additional grant-free uplink transmissions.

Example 30: The method of example 29, wherein the grant-free uplink transmission is an
initial grant-free uplink transmission, and wherein the additional grant-free uplink

transmissions are retransmissions relating to the initial grant-free uplink transmission.

Example 31: The method of example 27, wherein the second user equipment is configured to
decode information in the response and select a resource and/or MA signature based on the
information to avoid a collision with a subsequent grant-free uplink transmission by the first
UE.

Example 32: A base station configured to perform the method of any one of examples 27 to
32.

Example 33: A method performed by a base station comprising: receiving a grant-free uplink
transmission from a user equipment; in response to receiving the grant-free uplink
transmission, generating a scheduling grant for the user equipment; transmitting the

scheduling grant to at least the user equipment.

Example 34: The method of example 33, further comprising also transmitting the scheduling

grant to at least a second user equipment.
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Example 35: The method of example 34, wherein transmitting the scheduling grant comprises

broadcasting the scheduling grant.

Example 36: The method of any one of examples 33 to 35, wherein the grant-free uplink

transmission includes an indicator.
Example 37: The method of example 36, wherein the indicator is a buffer status report.

Example 38: The method of example 37, wherein the buffer status report indicates that the

user equipment has additional data to send to the base station.

Example 39: The method of example 36, wherein the indicator indicates that the user
equipment has data to send to the base station, and optionally the indicator indicates that the

data is low latency data.

Example 40: The method of any one of examples 33 to 39, wherein generating the scheduling

grant comprises generating a semi-persistent scheduling grant.

Example 41: The method of example 40, wherein the semi-persistent scheduling grant
comprises an index indicating at least one of a particular resource hopping pattern and a

multiple access (MA) signature hopping pattern to be used by the user equipment.

Example 42: The method of example 41, wherein the MA signature hopping pattern is a

reference signal hopping pattern.

Example 43: The method of any one of examples 33 to 42, wherein the grant-free uplink

transmission comprises a scheduling request.

Example 44: The method of any one of examples 33 to 43, further comprising unsuccessfully
decoding data in the grant-free uplink transmission, and wherein the scheduling grant is sent

to schedule a retransmission of the data using grant-based transmission.

Example 45: The method of example 44, further comprising receiving the retransmission and
performing decoding by soft-combining the retransmission and the grant-free uplink

transmission.

Example 46: The method of any one of examples 33 to 43, further comprising successfully
decoding data in the grant-free uplink transmission, and wherein the scheduling grant is sent

to schedule a new transmission of additional data.
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Example 47: The method of any one of examples 33 to 46 wherein, in response to receiving
the grant-free uplink transmission, generating the scheduling grant for the user equipment,

comprises: determining to generate the scheduling grant based on one or more criteria.

Example 48: A base station comprising: a receiver to receive a grant-free uplink transmission
from a user equipment; a resource allocator to, in response to receiving the grant-free uplink
transmission, generate a scheduling grant for the user equipment; a transmitter to transmit the

scheduling grant to at least the user equipment.

Example 49: The base station of example 48, wherein the transmitter is also to transmit the

scheduling grant to at least a second user equipment.

Example 50: The base station of example 49, wherein the transmitter is to broadcast the

scheduling grant.

Example 51: The base station of any one of examples 48 to 50, wherein the grant-free uplink

transmission includes an indicator.
Example 52: The base station of example 51, wherein the indicator is a buftfer status report.

Example 53: The base station of example 52, wherein the buffer status report indicates that

the user equipment has additional data to send to the base station.

Example 54: The base station of example 51, wherein the indicator indicates that the user
equipment has data to send to the base station, and optionally the indicator indicates that the

data is low latency data.

Example 55: The base station of any one of examples 48 to 54, wherein the scheduling grant

is a semi-persistent scheduling grant.

Example 56: The base station of example 55, wherein the semi-persistent scheduling grant
comprises an index indicating at least one of a particular resource hopping pattern and a

multiple access (MA) signature hopping pattern to be used by the user equipment.

Example 57: The base station of example 56, wherein the MA signature hopping pattern is a

reference signal hopping pattern.

Example 58: The base station of any one of examples 48 to 57, wherein the grant-free uplink

transmission comprises a scheduling request.
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Example 59: The base station of any one of examples 48 to 58, wherein the resource allocator
is to, upon unsuccessful decoding of data in the grant-free uplink transmission, schedule a

retransmission of the data using grant-based transmission.

Example 60: The base station of example 59, further comprising a message decoder to
receive the retransmission and perform decoding by soft-combining the retransmission and

the grant-free uplink transmission.

Example 61: The base station of any one of examples 48 to 58, wherein the resource allocator
is to, upon successful decoding of data in the grant-free uplink transmission, schedule a new

transmission of additional data.

Example 62: The base station of any one of examples 48 to 61, wherein the resource allocator

is to generate the scheduling grant based on one or more criteria.

Example 63: A method performed by a user equipment (UE) comprising: sending a grant-free
uplink transmission to a base station; in response to sending the grant-free uplink
transmission, receiving a scheduling grant from the base station; sending a granted uplink

transmission to the base station according to the scheduling grant.

Example 64: The method of example 63, wherein the granted uplink transmission is a

retransmission of data sent in the grant-free uplink transmission.

Example 65: The method of example 63, wherein the granted uplink transmission sends
additional data to the base station that is not a retransmission of data sent in the grant-free

uplink transmission.

Example 66: The method of any one of examples 63 to 65, wherein the grant-free uplink

transmission includes an indicator.
Example 67: The method of example 66, wherein the indicator is a buffer status report.

Example 68: The method of example 67, wherein the buffer status report indicates that the

user equipment has additional data to send to the base station.

Example 69: The method of example 66, wherein the indicator indicates that the user
equipment has data to send to the base station, and optionally the indicator indicates that the

data is low latency data.
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Example 70 The method of any one of examples 63 to 69, wherein the scheduling grant is a

semi-persistent scheduling grant.

Example 71: The method of example 70, wherein the semi-persistent scheduling grant
comprises an index indicating at least one of a particular resource hopping pattern and a

multiple access (MA) signature hopping pattern to be used by the user equipment.

Example 72: The method of example 71, wherein the MA signature hopping pattern is a

reference signal hopping pattern.

Example 73: The method of any one of examples 63 to 72, wherein the grant-free uplink

transmission comprises a scheduling request.

Example 74: The method of any one of examples 63 to 73, wherein the scheduling grant

schedules a retransmission of data using grant-based transmission.

Example 75: The method of any one of examples 63 to 73, wherein the scheduling grant

schedules a new transmission of additional data.

Example 76: A user equipment (UE) comprising: a transmitter to send a grant-free uplink

transmission to a base station; a receiver to receive a scheduling grant that is sent from the

base station in response to the grant-free uplink transmission; the transmitter further to send a

granted uplink transmission to the base station according to the scheduling grant.

Example 77: The UE of example 76, wherein the granted uplink transmission is a

retransmission of data sent in the grant-free uplink transmission.

Example 78: The UE of example 76, wherein the granted uplink transmission sends
additional data to the base station that is not a retransmission of data sent in the grant-free

uplink transmission.

Example 79: The UE of any one of examples 76 to 78, wherein the grant-free uplink

transmission includes an indicator.
Example 80: The UE of example 79, wherein the indicator is a buffer status report.

Example 81: The UE of example 80, wherein the buffer status report indicates that the user

equipment has additional data to send to the base station.
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Example 82: The UE of example 79, wherein the indicator indicates that the user equipment
has data to send to the base station, and optionally the indicator indicates that the data is low

latency data.

Example 83: The UE of any one of examples 76 to 82, wherein the scheduling grant is a

semi-persistent scheduling grant.

Example 84: The UE of example 83, wherein the semi-persistent scheduling grant comprises
an index indicating at least one of a particular resource hopping pattern and a multiple access

(MA) signature hopping pattern to be used by the UE.

Example 85: The UE of example 84, wherein the MA signature hopping pattern is a reference
signal hopping pattern.

Example 86: The UE of any one of examples 76 to 85, wherein the grant-free uplink

transmission comprises a scheduling request.

Example 87: The UE of any one of examples 76 to 86, wherein the scheduling grant

schedules a retransmission of data using grant-based transmission.

Example 88: The UE of any one of examples 76 to 86, wherein the scheduling grant

schedules a new transmission of additional data.

Example 89: A method performed by a base station comprising: receiving an uplink
transmission from a user equipment (UE), the uplink transmission including an indicator, the
indicator indicating that the UE has data to send to the base station; in response to receiving
the uplink transmission, generating a scheduling grant for the UE; transmitting the scheduling

grant to the UE.

Example 90: The method of example 89, wherein the indicator indicates that the data is low

latency data.

Example 91: The method of example 89 or example 90, wherein the uplink transmission

comprises a scheduling request.

Example 92: The method of example 89 or example 90, wherein the uplink transmission is a

granted uplink transmission.
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Example 93: The method of any one of examples 89 to 91, wherein the uplink transmission is

a grant-free uplink transmission.

Example 94: A base station comprising: a receiver to receive an uplink transmission from a
user equipment (UE), the uplink transmission including an indicator, the indicator indicating
that the UE has data to send to the base station; a resource allocator to: in response to
recetving the uplink transmission, generate a scheduling grant for the UE; a transmitter to

transmit the scheduling grant to the UE.

Example 95: The base station of example 94, wherein the indicator indicates that the data is

low latency data.

Example 96: The base station of example 94 or example 95, wherein the uplink transmission

comprises a scheduling request.

Example 97: The base station of example 94 or example 95, wherein the uplink transmission

is a granted uplink transmission.

Example 98: The base station of any one of examples 94 to 96, wherein the uplink

transmission is a grant-free uplink transmission.

Example 99: A method performed by a UE comprising: transmitting an uplink transmission
to a base station, the uplink transmission including an indicator, the indicator indicating that
the UE has data to send to the base station; receiving a scheduling grant from the base station

in response to the uplink transmission.

Example 100: The method of example 99, wherein the indicator indicates that the data is low

latency data.

Example 101: The method of example 99 or example 100, wherein the uplink transmission

comprises a scheduling request.

Example 102: The method of example 99 or example 100, wherein the uplink transmission is

a granted uplink transmission.

Example 103: The method of any one of examples 99 to 101, wherein the uplink transmission

is a grant-free uplink transmission.
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Example 104: A UE comprising: a transmitter to transmit an uplink transmission to a base
station, the uplink transmission including an indicator, the indicator indicating that the UE
has data to send to the base station; a receiver to receive a scheduling grant from the base

station in response to the uplink transmission.

Example 105: The UE of example 104, wherein the indicator indicates that the data is low

latency data.

Example 106: The UE of example 104 or example 105, wherein the uplink transmission

comprises a scheduling request.

Example 107: The UE of example 104 or example 105, wherein the uplink transmission is a

granted uplink transmission.

Example 108: The UE of any one of examples 104 to 106, wherein the uplink transmission is

a grant-free uplink transmission.

Example 109: A method performed by a user equipment (UE), the method comprising:
sending an initial grant-free uplink transmissions of data; without receiving a negative
acknowledgement (NACK) for the data, addressed to the UE, transmitting at least one grant-

free uplink retransmission of the data.

Example 110: The method of example 109, further comprising: without receiving the NACK

addressed to the UE, transmitting k grant-free uplink retransmissions of the data.

Example 111: The method of example 109, further comprising: without receiving the NACK
addressed to the UE, transmitting the at least one grant-free uplink retransmission of the data
until an ACK is received, or until a number of grant-free uplink retransmissions reaches a

predetermined value.

Example 112: The method of example 109, further comprising: without receiving the NACK
addressed to the UE, transmitting the at least one grant-free uplink retransmission of the data
until a grant is received, or until a number of grant-free uplink retransmissions reaches a

predetermined value.

Example 113: The method of any one of examples 109 to 112, wherein the initial grant-free

uplink transmission is sent on an initial grant-free uplink time-frequency resource during a
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first time interval, and each grant-free uplink retransmission of the data is sent on a respective

subsequent uplink time-frequency resource configured for grant-free uplink transmission.

Example 114: The method of example 113, wherein the initial grant-free uplink time-
frequency resource and subsequent uplink time-frequency resources on which

retransmissions of the data are sent are contiguous in time.

Example 115: The method of example 113, wherein the initial grant-free uplink time-
frequency resource and subsequent uplink time-frequency resources on which

retransmissions of the data are sent are not contiguous in time.

Example 116: The method of any one of examples 109 to 112, wherein the initial grant-free
uplink transmission is sent on a grant-free uplink time-frequency resource that may also be

used for sending, by the UE, a retransmission of another transport block.

Example 117: The method of example 116, wherein each grant-free uplink retransmission of

the data is sent on a respective subsequent uplink time-frequency resource.

Example 118: The method of any one of examples 109 to 112, wherein subsequent uplink

time-frequency resources on which retransmissions of the data are sent are contiguous in time.

Example 119: The method of example 116, further comprising receiving an indicator from
the base station, the indicator indicating that the UE is permitted to send the initial grant-free
uplink transmission on the grant-free uplink time-frequency resource that may also be used

for sending the retransmission of the another transport block.

Example 120: The method of any one of examples 109 to 119, wherein the initial grant-free
uplink transmission is sent on an initial grant-free uplink time-frequency resource during a
first time interval, and a grant-free uplink retransmission of the data is also sent during the

first time interval on different frequency resources.

Example 121: A UE comprising a transmitter to: send an initial grant-free uplink
transmissions of data; without receiving a negative acknowledgement (NACK) for the data,

addressed to the UE, transmit at least one grant-free uplink retransmission of the data.

Example 122: The UE of example 121, wherein the transmitter is to: without receiving the

NACK addressed to the UE, transmit k grant-free uplink retransmissions of the data.
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Example 123: The UE of example 121, wherein the transmitter is to: without receiving the
NACK addressed to the UE, transmit the at least one grant-free uplink retransmission of the
data until an ACK is received, or until a number of grant-free uplink retransmissions reaches

a predetermined value.

Example 124: The UE of example 121, wherein the transmitter is to: without receiving the
NACK addressed to the UE, transmit the at least one grant-free uplink retransmission of the
data until a grant is received, or until a number of grant-free uplink retransmissions reaches a

predetermined value.

Example 125: The UE of any one of examples 121 to 124, wherein the initial grant-free
uplink transmission is sent on an initial grant-free uplink time-frequency resource during a
first time interval, and each grant-free uplink retransmission of the data is sent on a respective

subsequent uplink time-frequency resource configured for grant-free uplink transmission.

Example 126: The UE of example 125, wherein the initial grant-free uplink time-frequency
resource and subsequent uplink time-frequency resources on which retransmissions of the

data are sent are contiguous in time.

Example 127: The UE of example 125, wherein the initial grant-free uplink time-frequency
resource and subsequent uplink time-frequency resources on which retransmissions of the

data are sent are not contiguous in time.

Example 128: The UE of any one of examples 121 to 124, wherein the initial grant-free
uplink transmission is sent on a grant-free uplink time-frequency resource that may also be

used for sending, by the UE, a retransmission of another transport block.

Example 129: The UE of example 128, wherein each grant-free uplink retransmission of the

data is sent on a respective subsequent uplink time-frequency resource.

Example 130: The UE of any one of examples 121 to 124, wherein subsequent uplink time-

frequency resources on which retransmissions of the data are sent are contiguous in time.

Example 131: The UE of example 128, further comprising a receiver to receive an indicator
from the base station, the indicator indicating that the UE is permitted to send the initial
grant-free uplink transmission on the grant-free uplink time-frequency resource that may also

be used for sending the retransmission of the another transport block.
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Example 132: The UE of any one of examples 121 to 131, wherein the initial grant-free
uplink transmission is sent on an initial grant-free uplink time-frequency resource during a
first time interval, and a grant-free uplink retransmission of the data is also sent during the

first time interval on different frequency resources.

Example 133: A method performed by a base station, the method comprising: receiving from
a UE an initial grant-free uplink transmission of data; without sending a negative
acknowledgement (NACK) for the data, addressed to the UE, receiving at least one grant-free

uplink retransmission of the data.

Example 134: The method of example 133, further comprising: without sending the NACK

addressed to the UE, receiving k grant-free uplink retransmissions of the data.

Example 135: The method of example 133, further comprising: without sending the NACK
addressed to the UE, receiving the at least one grant-free uplink retransmission of the data
until an ACK is transmitted, or until a number of grant-free uplink retransmissions reaches a

predetermined value.

Example 136: The method of example 133, further comprising: without sending the NACK
addressed to the UE, receiving the at least one grant-free uplink retransmission of the data
until a grant is sent, or until a number of grant-free uplink retransmissions reaches a

predetermined value.

Example 137: The method of any one of examples 133 to 136, wherein the initial grant-free
uplink transmission is received on an initial grant-free uplink time-frequency resource during
a first time interval, and each grant-free uplink retransmission of the data is received on a
respective subsequent uplink time-frequency resource configured for grant-free uplink

transmission.

Example 138: The method of example 137, wherein the initial grant-free uplink time-
frequency resource and subsequent uplink time-frequency resources on which

retransmissions of the data are received are contiguous in time.

Example 139: The method of example 137, wherein the initial grant-free uplink time-
frequency resource and subsequent uplink time-frequency resources on which

retransmissions of the data are received are not contiguous in time.
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Example 140: The method of any one of examples 133 to 136, wherein the initial grant-free
uplink transmission is received on a grant-free uplink time-frequency resource that may also

be used for receiving, from the UE, a retransmission of another transport block.

Example 141: The method of example 140, wherein each grant-free uplink retransmission of

the data is received on a respective subsequent uplink time-frequency resource.

Example 142: The method of any one of examples 133 to 136, wherein subsequent uplink
time-frequency resources on which retransmissions of the data are received are contiguous in

time.

Example 143: The method of example 140, further comprising sending an indicator to the UE,
the indicator indicating that the UE is permitted to send the initial grant-free uplink
transmission on the grant-free uplink time-frequency resource that may also be used for

receiving the retransmission of the another transport block.

Example 144: The method of any one of examples 133 to 143, wherein the initial grant-free
uplink transmission is received on an initial grant-free uplink time-frequency resource during
a first time interval, and a grant-free uplink retransmission of the data is also received during

the first time interval on different frequency resources.

Example 145: A base station to: receive from a UE an initial grant-free uplink transmission of
data; without sending a negative acknowledgement (NACK) for the data, addressed to the UE,

receive at least one grant-free uplink retransmission of the data.

Example 146: The base station of example 145, wherein the base station is to: without
sending the NACK addressed to the UE, receive k grant-free uplink retransmissions of the
data.

Example 147: The base station of example 145, wherein the base station is to: without
sending the NACK addressed to the UE, receive the at least one grant-free uplink
retransmission of the data until an ACK is transmitted, or until a number of grant-free uplink

retransmissions reaches a predetermined value.

Example 148: The base station of example 145, wherein the base station is to: without

sending the NACK addressed to the UE, receive the at least one grant-free uplink
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retransmission of the data until a grant is sent, or until a number of grant-free uplink

retransmissions reaches a predetermined value.

Example 149: The base station of any one of examples 145 to 148, wherein the initial grant-
free uplink transmission is received on an initial grant-free uplink time-frequency resource
during a first time interval, and each grant-free uplink retransmission of the data is received
on a respective subsequent uplink time-frequency resource configured for grant-free uplink

transmission.

Example 150: The base station of example 149, wherein the initial grant-free uplink time-
frequency resource and subsequent uplink time-frequency resources on which

retransmissions of the data are received are contiguous in time.

Example 151: The base station of example 149, wherein the initial grant-free uplink time-
frequency resource and subsequent uplink time-frequency resources on which

retransmissions of the data are received are not contiguous in time.

Example 152: The base station of any one of examples 145 to 148, wherein the initial grant-
free uplink transmission is received on a grant-free uplink time-frequency resource that may

also be used for receiving, from the UE, a retransmission of another transport block.

Example 153: The base station of example 152, wherein each grant-free uplink
retransmission of the data is received on a respective subsequent uplink time-frequency

resource.

Example 154: The base station of any one of examples 145 to 148, wherein subsequent
uplink time-frequency resources on which retransmissions of the data are received are

contiguous in time.

Example 155: The base station of example 152, wherein the base station is to send an
indicator to the UE, the indicator indicating that the UE is permitted to send the initial grant-
free uplink transmission on the grant-free uplink time-frequency resource that may also be

used for receiving the retransmission of the another transport block.

Example 156: The base station of any one of examples 145 to 155, wherein the initial grant-

free uplink transmission is received on an initial grant-free uplink time-frequency resource
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during a first time interval, and a grant-free uplink retransmission of the data is also received

during the first time interval on different frequency resources.

Example 157: A method performed by a base station, the method comprising: sending control
information to a UE, the control information indicating a plurality of time-frequency
resources on which the UE may send grant-free uplink transmissions; receiving a grant-free

uplink transmission from the UE on at least one of the plurality of time-frequency resources.

Example 158: The method of example 157, wherein the control information also specifies at
least one of the following parameters for the UE: a resource hopping pattern for the plurality
of time-frequency resources; a multiple access (MA) signature used in one or more grant-free
uplink transmissions; an MA signature hopping pattern; a modulation-and-coding-scheme
(MCS) used in one or more grant-free uplink transmissions; a periodicity between the
plurality of time-frequency resources; an offset; a time interval size for a grant-free uplink
transmission; a power control parameter; a number of transmissions for a transport block (K);
a maximum number of possible ongoing HARQ processes for the UE (L); a HARQ ID offset;
whether or not the grant-free uplink transmission resources are separated into initial

transmission resources and repetition resources.

Example 159: The method of example 157 or 158, wherein each one of the plurality of time-

frequency resources is associated with a respective HARQ process ID.

Example 160: The method of example 159, wherein a HARQ process ID associated with the
uplink transmission of a transport block (TB) is the HARQ process ID associated with the

time-frequency resource on which the initial transmission of the TB is received.

Example 161: The method of example 160, wherein each grant-free uplink retransmission of

the TB is received on a respective subsequent uplink time-frequency resource.

Example 162: The method of example 160 or 161, further comprising identifying the initial

transmission of the TB based on an MA signature used for the initial transmission.

Example 163: The method of example 162, comprising identifying the initial transmission of

the TB based on a reference signal used in the initial transmission.
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Example 164: The method of any one of examples 159 to 163, wherein two time-frequency
resources in the same time interval, but in different frequency resources, are associated with

the same HARQ ID.

Example 165: A base station comprising: a transmitter to send control information to a UE,
the control information indicating a plurality of time-frequency resources on which the UE
may send grant-free uplink transmissions; a receiver to receive a grant-free uplink

transmission from the UE on at least one of the plurality of time-frequency resources.

Example 166: The base station of example 165, wherein the control information also

specifies at least one of the following parameters for the UE: a resource hopping pattern for
the plurality of time-frequency resources; a multiple access (MA) signature used in one or
more grant-free uplink transmissions; an MA signature hopping pattern; a modulation-and-
coding-scheme (MCS) used in one or more grant-free uplink transmissions; a periodicity
between the plurality of time-frequency resources; an offset; a time interval size for a grant-
free uplink transmission; a power control parameter; a number of transmissions for a

transport block (K); a maximum number of possible ongoing HARQ processes for the UE (L);
a HARQ ID offset; whether or not the grant-free uplink transmission resources are separated

into initial transmission resources and repetition resources.

Example 167: The base station of example 165 or 166, wherein each one of the plurality of

time-frequency resources is associated with a respective HARQ process ID.

Example 168: The base station of example 167, wherein a HARQ process ID associated with
the uplink transmission of a transport block (TB) is the HARQ process ID associated with the

time-frequency resource on which the initial transmission of the TB is received.

Example 169: The base station of example 168, wherein each grant-free uplink
retransmission of the TB is received on a respective subsequent uplink time-frequency

resource.

Example 170: The base station of example 168 or 169, further comprising a message decoder
to identify the initial transmission of the TB based on an MA signature used for the initial

transmission.

Example 171: The base station of example 170, wherein the message decoder is to identify

the initial transmission of the TB based on a reference signal used in the initial transmission.
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Example 172: The base station of any one of examples 167 to 171, wherein two time-

frequency resources in the same time interval, but in different frequency resources, are

associated with the same HARQ ID.

Example 173: A method performed by a UE, the method comprising: receiving control
information from a base station, the control information indicating a plurality of time-
frequency resources on which the UE may send grant-free uplink transmissions; sending a
grant-free uplink transmission to the base station on at least one of the plurality of time-

frequency resources.

Example 174: The method of example 173, wherein the control information also specifies at
least one of the following parameters for the UE: a resource hopping pattern for the plurality
of time-frequency resources; a multiple access (MA) signature used in one or more grant-free
uplink transmissions; an MA signature hopping pattern; a modulation-and-coding-scheme
(MCS) used in one or more grant-free uplink transmissions; a periodicity between the
plurality of time-frequency resources; an offset; a time interval size for a grant-free uplink
transmission; a power control parameter; a number of transmissions for a transport block (K);
a maximum number of possible ongoing HARQ processes for the UE (L); a HARQ ID offset;

whether or not the grant-free uplink transmission resources are separated into initial

transmission resources and repetition resources.

Example 175: The method of example 173 or 174, wherein each one of the plurality of time-

frequency resources is associated with a respective HARQ process ID.

Example 176: The method of example 175, wherein a HARQ process ID associated with the
uplink transmission of a transport block (TB) is the HARQ process ID associated with the

time-frequency resource on which the initial transmission of the TB is sent.

Example 177: The method of example 176, wherein each grant-free uplink retransmission of

the TB is sent on a respective subsequent uplink time-frequency resource.

Example 178: The method of any one of examples 175 to 177, wherein two time-frequency

resources in the same time interval, but in different frequency resources, are associated with

the same HARQ ID.

Example 179: A UE comprising: a receiver to receive control information from a base station,

the control information indicating a plurality of time-frequency resources on which the UE
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may send grant-free uplink transmissions; a transmitter to send a grant-free uplink

transmission to the base station on at least one of the plurality of time-frequency resources.

Example 180: The UE of example 179, wherein the control information also specifies at least
one of the following parameters for the UE: a resource hopping pattern for the plurality of
time-frequency resources; a multiple access (MA) signature used in one or more grant-free
uplink transmissions; an MA signature hopping pattern; a modulation-and-coding-scheme
(MCS) used in one or more grant-free uplink transmissions; a periodicity between the
plurality of time-frequency resources; an offset; a time interval size for a grant-free uplink
transmission; a power control parameter; a number of transmissions for a transport block (K);
a maximum number of possible ongoing HARQ processes for the UE (L); a HARQ ID offset;
whether or not the grant-free uplink transmission resources are separated into initial

transmission resources and repetition resources.

Example 181: The UE of example 179 or 180, wherein each one of the plurality of time-

frequency resources is associated with a respective HARQ process ID.

Example 182: The UE of example 181, wherein a HARQ process ID associated with the
uplink transmission of a transport block (TB) is the HARQ process ID associated with the

time-frequency resource on which the initial transmission of the TB is sent.

Example 183: The UE of example 182, wherein each grant-free uplink retransmission of the

TB is sent on a respective subsequent uplink time-frequency resource.

Example 184: The UE of any one of examples 181 to 183, wherein two time-frequency
resources in the same time interval, but in different frequency resources, are associated with

the same HARQ ID.

Example 185: A base station comprising a memory and a processor, wherein the processor is
configured to execute instructions stored in the memory to cause the base station to perform

any one of the base station methods described herein.

Example 186: A UE comprising a memory and a processor, wherein the processor is
configured to execute instructions stored in the memory to cause the UE to perform any one

of the UE methods described herein.

Conclusion
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Although the present invention has been described with reference to specific features and
embodiments thereof, various modifications and combinations can be made thereto without
departing from the invention. The description and drawings are, accordingly, to be regarded
simply as an illustration of some embodiments of the invention as defined by the appended
claims, and are contemplated to cover any and all modifications, variations, combinations or
equivalents that fall within the scope of the present invention. Therefore, although the
present invention and its advantages have been described in detail, various changes,
substitutions and alterations can be made herein without departing from the invention as
defined by the appended claims. Moreover, the scope of the present application is not
intended to be limited to the particular embodiments of the process, machine, manufacture,
composition of matter, means, methods and steps described in the specification. As one of
ordinary skill in the art will readily appreciate from the disclosure of the present invention,
processes, machines, manufacture, compositions of matter, means, methods, or steps,
presently existing or later to be developed, that perform substantially the same function or
achieve substantially the same result as the corresponding embodiments described herein may
be utilized according to the present invention. Accordingly, the appended claims are
intended to include within their scope such processes, machines, manufacture, compositions

of matter, means, methods, or steps.

Moreover, any module, component, or device exemplified herein that executes instructions
may include or otherwise have access to a non-transitory computer/processor readable
storage medium or media for storage of information, such as computer/processor readable
instructions, data structures, program modules, and/or other data. A non-exhaustive list of
examples of non-transitory computer/processor readable storage media includes magnetic
cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices, optical
disks such as compact disc read-only memory (CD-ROM), digital video discs or digital
versatile disc (DVDs), Blu-ray Disc™, or other optical storage, volatile and non-volatile,
removable and non-removable media implemented in any method or technology, random-
access memory (RAM), read-only memory (ROM), electrically erasable programmable read-
only memory (EEPROM), flash memory or other memory technology. Any such non-
transitory computer/processor storage media may be part of a device or accessible or
connectable thereto. Any application or module herein described may be implemented using
computer/processor readable/executable instructions that may be stored or otherwise held by
such non-transitory computer/processor readable storage media.
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CLAIMS:

1. A method performed by a base station comprising:
receiving a grant-free uplink transmission from a user equipment;

in response to receiving the grant-free uplink transmission, generating a scheduling grant

for the user equipment;
transmitting the scheduling grant to at least the user equipment.
2. The method of claim 1, wherein the grant-free uplink transmission includes an indicator.

3. The method of claim 2, wherein the indicator indicates that the user equipment has
additional data to send to the base station, or wherein the indicator indicates that the user
equipment has data to send to the base station, and the indicator indicates that the data is low

latency data.

4. The method of any one of claim 1 to claim 3, further comprising unsuccessfully decoding
data in the grant-free uplink transmission, wherein the scheduling grant is sent to schedule a

retransmission of the data using grant-based transmission.

5. The method of claim 4, further comprising receiving the retransmission and performing

decoding by soft-combining the retransmission and the grant-free uplink transmission.

6. The method of any one of claim 1 to claim 3, further comprising successfully decoding
data in the grant-free uplink transmission, and wherein the scheduling grant is sent to

schedule a new transmission of additional data.
7. A base station comprising:
a receiver to receive a grant-free uplink transmission from a user equipment;

a resource allocator to, in response to receiving the grant-free uplink transmission, generate

a scheduling grant for the user equipment;
a transmitter to transmit the scheduling grant to at least the user equipment.
8. The base station of claim 7, wherein the grant-free uplink transmission includes an

indicator.
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9. The base station of claim 8, wherein the indicator indicates that the user equipment has
additional data to send to the base station, or wherein the indicator indicates that the user
equipment has data to send to the base station, and the indicator indicates that the data is low

latency data.

10. The base station of claim 7, wherein the resource allocator is to, upon unsuccessful
decoding of data in the grant-free uplink transmission, schedule a retransmission of the data

using grant-based transmission.

11. The base station of claim 10, further comprising a message decoder to receive the
retransmission and perform decoding by soft-combining the retransmission and the grant-free

uplink transmission.

12. The base station of any one of claim 7 to claim 9, wherein the resource allocator is to,
upon successful decoding of data in the grant-free uplink transmission, schedule a new

transmission of additional data.
13. A method performed by a user equipment (UE) comprising:
sending a grant-free uplink transmission to a base station;

in response to sending the grant-free uplink transmission, receiving a scheduling grant

from the base station;
sending a granted uplink transmission to the base station according to the scheduling grant.

14. The method of claim 13, wherein the granted uplink transmission is a retransmission of

data sent in the grant-free uplink transmission.

15. The method of claim 13, wherein the granted uplink transmission sends additional data to

the base station that is not a retransmission of data sent in the grant-free uplink transmission.

16. The method of any one of claim 13 to claim 15, wherein the grant-free uplink
transmission includes an indicator, wherein the indicator indicates that the user equipment
has additional data to send to the base station, or wherein the indicator indicates that the user
equipment has data to send to the base station, and the indicator indicates that the data is low

latency data.
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17. The method of any one of claim 13 to claim 16, wherein the grant-free uplink

transmission comprises a scheduling request.
18. A user equipment (UE) comprising:
a transmitter to send a grant-free uplink transmission to a base station;

a receiver to receive a scheduling grant that is sent from the base station in response to the

grant-free uplink transmission;

the transmitter further to send a granted uplink transmission to the base station according to

the scheduling grant.

19. The UE of claim 18, wherein the granted uplink transmission is a retransmission of data

sent in the grant-free uplink transmission.

20. The UE of claim 18, wherein the granted uplink transmission sends additional data to the

base station that is not a retransmission of data sent in the grant-free uplink transmission.

21. The UE of any one of claim 18 to claim 20, wherein the grant-free uplink transmission
includes an indicator, wherein the indicator indicates that the user equipment has additional
data to send to the base station, or wherein the indicator indicates that the user equipment has

data to send to the base station, and the indicator indicates that the data is low latency data.

22. The UE of any one of claim 18 to 21, wherein the grant-free uplink transmission

comprises a scheduling request.
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