woO 2021/056034 A2 |0 00000 KRN0 0 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date
25 March 2021 (25.03.2021)

(10) International Publication Number

WO 2021/056034 A2

WIPO I PCT

(51) International Patent Classification:
HOo4W 40/12 (2009.01)

(21) International Application Number:
PCT/US2021/014236

(22) International Filing Date:
20 January 2021 (20.01.2021)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/978,707 19 February 2020 (19.02.2020) US

(71) Applicant: ZEKU, INC. [US/US]; 2479 E. Bayshore
Road, Ste 260, Palo Alto, California 94303 (US).

(72) Inventors: LOW, Su-Lin; 3570 Carmel Mountain Road,
Ste 180, San Diego, California 92130 (US). MA, Tianan;
3570 Carmel Mountain Road, Ste 180, San Diego, Califor-
nia 92130 (US). YANG, Hong Kui, 3570 Carmel Moun-
tain Road, Ste 180, San Diego, California 92130 (US).
HONG, Hausting; 3570 Carmel Mountain Road, Ste 180,
San Diego, California 92130 (US). LEE, Chun-I; 3570
Carmel Mountain Road, Ste 180, San Diego, California
92130 (US).

(74) Agent: ZOU, Zhiwei, BAYES PLLC, 1765 Greensboro
Station Place, Suite 900, McLean, Virginia 22102 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP,KR,KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US,UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: METHOD AND APPARATUS FOR GRANT-FREE UPLINK COMMUNICATION

ug 338

RRC SstupReguest 510
RRC Setup 520
RRC Setup Conplete
ConfiguradGrant-Request List{N]
{Period repk ResourceReq Level} _— 530

RRC Reconfig

ConfiguredGrant-Config ListN}
efind. repk, TxParams, Resource Aflect.ist{Kliresourcepdiogli—— 540

<3

RRC Reconfig Complete 550
- o s App1 Data pkis[PUSCH}-
:;:sif;r’tL(;\?e;i;1 repk=8) Logical Channel group A 582

- b o ] P

App2 Data piisPUSCH]-
Configured Grant2
,Rfm gure L ‘372 k=4 Logical Channel group B A 564
(Resourse Lavel 2reph=) |
C i (G App2 Data pkie{PUSCH]-
Configured Grantd A A
(Resource Leval 1 repk=8) Lagical Channe group ¢ 566
Configured Grarid App2 Data pis{PUSCH .
{Resouros Loval 5 repk=2) Logical Channel group D _J— 568

FiG. 5

(57) Abstract: Embodiments of apparatuses and methods for
grant-free uplink communication may be applicable to commu-
nication systems, such as wireless communication systems. In
an example, a method for grant-free uplink communication can
include requesting, by a user equipment, a plurality of instances
of configured grants, each with at least one of a specific resource
level, repetition, or period. The method can also include receiv-
ing, at the user equipment, a pre-allocation of the requested plu-
rality of instances of the configured grants at the at least one of
the specific resource level, repetition, or period. The method can
further include transmitting, by the user equipment, data accord-
ing to the pre-allocation. In some examples, the transmitting the
data can include transmitting at varying data rates up to a lev-
el provided by the pre-allocation, depending on user equipment
needs.
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METHOD AND APPARATUS FOR GRANT-FREE UPLINK
COMMUNICATION

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is related to and claims the priority of U.S. Provisional Patent
Application No. 62/978,707, filed February 19, 2020, the entirety of which is hereby incorporated

herein by reference.

BACKGROUND

[0002] Embodiments of the present disclosure relate to apparatuses and methods for grant-
free uplink communication, which may be applicable to communication systems, such as wireless
communication systems.

[0003] In wireless communication systems, applications in each user equipment may
generate data packets for transmission. The user equipment can communicate the data packets

according to a schedule set by a network element, such as a base station, access point, or the like.

SUMMARY

[0004] Embodiments of apparatuses and methods for grant-free uplink communication are
disclosed herein. The apparatuses may be variously implemented as user equipment, systems-on-
chip, or the components or sub-components, such as the protocol stack thereof.

[0005] For example, a method for grant-free uplink communication can include requesting,
by a user equipment, a plurality of instances of configured grants, each with at least one of a
specific resource level, repetition, or period. The method can also include receiving, at the user
equipment, a pre-allocation of the requested plurality of instances of the configured grants at the
at least one of the specific resource level, repetition, or period. The method can further include
transmitting, by the user equipment, data according to the pre-allocation. In some embodiments,
the transmitting the data can include transmitting at varying data rates up to a level provided by the
pre-allocation, depending on user equipment needs.

[0006] For another example, a method for control of grant-free uplink communication can
include receiving a request from a user equipment for a plurality of instances of configured grants,

each with at least one of a specific resource level, repetition, or period. The method can also include
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pre-allocating to the user equipment the requested plurality of instances of the configured grants at
the at least one of the specific resource level, repetition, or period. The method can further include
receiving subsequently transmitted data from the user equipment according to the pre-allocation.
In some embodiments, the data can be transmitted from the user equipment at varying data rates
up to a level provided by the pre-allocation, depending on user equipment needs.

[0007] For a further example, an apparatus for grant-free uplink communication, such as
user equipment, can include at least one processor and at least one memory having computer
program instructions. The memory and the computer program instructions can be configured to,
with the at least one processor, cause the apparatus at least to request a plurality of instances of
configured grants, each with at least one of a specific resource level, repetition, or period. The
memory and the computer program instructions can also be configured to, with the at least one
processor, cause the apparatus at least to receive a pre-allocation of the requested plurality of
instances of the configured grants at the at least one of the specific resource level, repetition, or
period. The memory and the computer program instructions can also be configured to, with the at
least one processor, cause the apparatus at least to transmit data according to the pre-allocation. In
some embodiments, the transmitting the data can include transmitting at varying data rates up to a
level provided by the pre-allocation, depending on user equipment needs.

[0008] For yet another example, an apparatus for control of grant-free uplink
communication, such as a base station or access point, can include at least one processor and at
least one memory having computer program instructions. The memory and the computer program
instructions can be configured to, with the at least one processor, cause the apparatus at least to
receive a request from a user equipment for a plurality of instances of configured grants, each with
at least one of a specific resource level, repetition, or period. The memory and the computer
program instructions can also be configured to, with the at least one processor, cause the apparatus
at least to pre_allocate to the user equipment the requested plurality of instances of the configured
grants at the at least one of the specific resource level, repetition, or period. The memory and the
computer program instructions can further be configured to, with the at least one processor, cause
the apparatus at least to receive subsequently transmitted data from the user equipment according
to the pre-allocation. In some embodiments, the data can be transmitted from the user equipment
at varying data rates up to a level provided by the pre-allocation, depending on user equipment

needs.
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[0009] For still another example, a non-transitory computer-readable medium can be
encoded with instructions that, when executed in hardware, perform a method for grant-free uplink
communication. The method can include requesting, by a user equipment, a plurality of instances
of configured grants, each with at least one of a specific resource level, repetition, or period. The
method can also include receiving, at the user equipment, a pre-allocation of the requested plurality
of instances of the configured grants at the at least one of the specific resource level, repetition, or
period. The method can additionally include transmitting, by the user equipment, data according
to the pre-allocation. In some embodiments, the transmitting the data can include transmitting at
varying data rates up to a level provided by the pre-allocation, depending on user equipment needs.
[0010] For a still further example, a non-transitory computer-readable medium can be
encoded with instructions that, when executed in hardware, perform a method for control of grant-
free uplink communication. The method can include receiving a request from a user equipment for
a plurality of instances of configured grants, each with at least one of a specific resource level,
repetition, or period. The method can also include pre-allocating to the user equipment the
requested plurality of instances of the configured grants at the at least one of the specific resource
level, repetition, or period. The method can further include receiving subsequently transmitted data
from the user equipment according to the pre-allocation. In some embodiments, the data can be
transmitted from the user equipment at varying data rates up to a level provided by the pre-

allocation, depending on user equipment needs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are incorporated herein and form a part of the
specification, illustrate embodiments of the present disclosure and, together with the description,
further serve to explain the principles of the present disclosure and to enable a person skilled in the
pertinent art to make and use the present disclosure.

[0012] FIG. 1 illustrates a fifth-generation new radio uplink medium access control
transmission using dynamic grant allocation.

[0013] FIG. 2 illustrates fifth-generation new radio uplink medium access control
transmissions using dynamic grant allocation.

[0014] FIG. 3 illustrates an adaptable uplink medium access control scheme for fast, grant-

free, low-latency data transmission, according to certain embodiments of the present disclosure.
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[0015] FIG. 4 illustrates another example of an adaptable uplink medium access control
scheme for fast, grant-free, low-latency data transmission, according to certain embodiments of the
present disclosure.

[0016] FIG. 5 illustrates a signal flow diagram of a method according to certain

embodiments of the present disclosure.

[0017] FIG. 6 illustrates a method according to certain embodiments of the present
disclosure.
[0018] FIG. 7 illustrates a block diagram of an apparatus including a baseband chip, a radio

frequency (RF) chip, and a host chip, in which some aspects of the present disclosure may be
implemented, according to certain embodiments of the present disclosure.

[0019] FIG. 8 illustrates an exemplary wireless network that may incorporate grant-free
uplink communication, in which some aspects of the present disclosure may be implemented,
according to certain embodiments of the present disclosure.

[0020] FIG. 9 illustrates a node that may implement grant-free uplink communication or

control thereof, according to certain embodiments of the present disclosure.

DETAILED DESCRIPTION

[0021] Although specific configurations and arrangements are discussed, it should be
understood that this is done for illustrative purposes only. A person skilled in the pertinent art will
recognize that other configurations and arrangements can be used without departing from the spirit
and scope of the present disclosure. It will be apparent to a person skilled in the pertinent art that
the present disclosure can also be employed in a variety of other applications.

[0022] It is noted that references in the specification to “one embodiment,” “an

embodiment,” “an example embodiment,” “some embodiments,” etc., indicate that the

embodiment described may include a particular feature, structure, or characteristic, but every
embodiment may not necessarily include the particular feature, structure, or characteristic.
Moreover, such phrases do not necessarily refer to the same embodiment. Further, when a
particular feature, structure, or characteristic is described in connection with an embodiment, it
would be within the knowledge of a person skilled in the pertinent art to effect such feature,
structure, or characteristic in connection with other embodiments whether or not explicitly

described.
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[0023] In general, terminology may be understood at least in part from usage in context.
For example, the term “one or more” as used herein, depending at least in part upon context, may
be used to describe any feature, structure, or characteristic in a singular sense or may be used to
describe combinations of features, structures or characteristics in a plural sense. Similarly, terms,

(13 29 <C
a

such as an,” or “the,” again, may be understood to convey a singular usage or to convey a
plural usage, depending at least in part upon context. In addition, the term “based on” may be
understood as not necessarily intended to convey an exclusive set of factors and may, instead, allow
for existence of additional factors not necessarily expressly described, again, depending at least in
part on context.

[0024] Various aspects of wireless communication systems will now be described with
reference to various apparatus and methods. These apparatus and methods will be described in the
following detailed description and illustrated in the accompanying drawings by various blocks,
modules, units, components, circuits, steps, operations, processes, algorithms, etc. (collectively
referred to as “elements”). These elements may be implemented using electronic hardware,
firmware, computer software, or any combination thereof. @ Whether such elements are
implemented as hardware, firmware, or software depends upon the particular application and
design constraints imposed on the overall system.

[0025] The techniques described herein may be used for various wireless communication
networks, such as code division multiple access (CDMA) system, time division multiple access
(TDMA) system, frequency division multiple access (FDMA) system, orthogonal frequency
division multiple access (OFDMA) system, single-carrier frequency division multiple access (SC-
FDMA) system, and other networks. The terms “network” and “system” are often used
interchangeably. A CDMA network may implement a radio access technology (RAT) such as
Universal Terrestrial Radio Access (UTRA) and CDMA 2000, efc. A TDMA network may
implement a RAT such as the Global System for Mobile Communications (GSM). An OFDMA
network may implement a RAT, such as long term evolution (LTE) or new radio (NR). The
techniques and systems described herein may be used for the wireless networks and RATSs
mentioned above, as well as other wireless networks and RATs. Likewise, the techniques and
systems described herein may also be applied to wired networks, such as networks based on optical
fibers, coaxial cables, or twisted-pairs, or to satellite networks.

[0026] According to existing standards, a user equipment (UE) can be pre-configured with

one single configured grant configuration with a specific period interval, and one specific resource
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allocation in time and frequency. Additionally, the network can pre-allocate proactive grants for
the user equipment, either constantly or in periodic intervals. For example, in a Fifth-Generation
(5G) cellular wireless modem, the user equipment can transmit uplink data packets through
resource allocations scheduled by the Network/Base Station.

[0027] In a dynamic allocation, the UE sends scheduling requests (SRs) at specific SR
periodic transmission occasions on the physical uplink (UL) control channel (PUCCH) to the
network. The network then runs an uplink scheduling algorithm to allocate resources for the user
equipment through downlink (DL) physical downlink control channel (PDCCH) downlink control
indicator (DCI) information. This UL grant may arrive only after several SR requests from the
user equipment. The user equipment may re-send an SR request several times at allowed time
intervals, and only at periodic PUCCH SR transmission opportunities. The UL grant schedules the
transmission of the data on the PUSCH for the UE. As a result, there may be a long delay from the
time when the packet data arrives at the modem L2 buffer, to the time when the data packets are
prepared and transmitted on the physical uplink shared channel (PUSCH).

[0028] FIG. 1 illustrates a fifth-generation new radio uplink medium access control
transmission using dynamic grant allocation. As shown in FIG. 1, after a periodic scheduling
request transmission opportunity on the physical uplink control channel, application data packets
may arrive. Accordingly, a user equipment may send a first scheduling request at a first subsequent
opportunity. The user equipment may then be in a scheduling request prohibition timer for a period
of time and consequently may not be able to send another scheduling request during that period.
Once the timer has expired, the user equipment may re-send the scheduling request. Again, the
user equipment may be in a scheduling request prohibition timer and consequently may miss
additional scheduling request opportunities. Finally, the user equipment may again re-send the
scheduling request and may, during the prohibition timer, receive a grant via PDCCH DCI with an
uplink dynamic resource allocation. Accordingly, the user equipment can then send the application
data packets during the PUSCH scheduled for data transmission.

[0029] For delay-sensitive low latency applications including URLLC, such a dynamic
allocation scheme may not work. Instead, a pre-configured periodic grant-free scheme may be
employed. Here, the network may pre-allocate UL grant opportunities at a fixed resource allocation
level at a fixed periodic interval pattern. Hence there may be a minimal delay between the arrival
of a data packet and the UL transmission time: the user equipment may just need to wait for the

upcoming periodic transmission opportunity.
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[0030] FIG. 2 illustrates fifth-generation (5G) new radio (NR) uplink medium access
control transmissions using dynamic grant allocation. As shown in FIG. 2, at various times,
application data packets can arrive. Meanwhile, there can be a single periodic configured grant
transmission opportunity. Thus, the application data packets that have arrived can be served at the
next occasion of the periodic configured grant transmission opportunity. If there are no packets to
be transmitted, the occasion can simply remain unused.

[0031] These approaches may result in inefficient resource allocation for one level of
resource, regardless of user equipment data needs. Likewise, these approaches may result in
inflexible resource allocation for only one type of traffic and application. Furthermore, these
approaches may result in increased power due to fixed pre-allocated resource level and wastage of
network resources for specific UEs. These approaches may also lack the ability to multiplex
different applications with varying data rate needs.

[0032] A challenge in uplink medium access control (MAC) transmission is the scheduling
delay in dynamic allocation, where the user equipment requests uplink resource allocation
according to the UE’s data buffer needs, and waits for the network scheduler to allocate specific
resources to the user equipment according to network (NW) conditions and other user equipment
needs. For low latency applications such as Ultra Reliable Low Latency Communication
(URLLC), a minimum delay fast scheduling scheme is required, which needs to be able to adapt
to different traffic types.

[0033] Certain embodiments of the present disclosure provide a 5G uplink MAC layer
method for adaptable, fast grant-free data transmission for low latency applications such as
URLLC. This method may allow the user equipment to request multiple instances of configured
grants, each with a specific resource level, repetitions, and periods. The network can pre-allocate
these grants at the requested resource levels. The user equipment can subsequently transmit data at
varying data rates up to the pre-allocated level as and when the user equipment has data to send,
minimizing scheduling and data transmission delays.

[0034] Certain embodiments may relate to requesting and allocating multiple instances of
grant-free configured grant uplink transmissions. For example, in certain embodiments, the user
equipment can request the network to set up a plurality, N, of instances of configured grant
configurations. Each of the configured grants can be for a different logical channel (LC) or group
of LCs with specific periodic traffic pattern, repeat level, resource level, and latency. This aspect

of certain embodiments may allow a user equipment to multiplex concurrent Low Latency
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applications with different traffic requirement needs, with grant-free scheduling on the configured
grant resource allocations. This can be used for URLLC applications.

[0035] Certain embodiments may relate to requesting and allocating a plurality, M, of
discrete resource allocation levels for each grant-free transmission. In certain embodiments, the
user equipment can request the network to allocate a pre-defined resource level according to the
UE’s own estimated nominal traffic needs. The network can pre-configure a resource allocation
configuration (with time and frequency allocations) from each discrete M resource level grant size.
This pre-configuration methodology may eliminate unnecessary scheduling delay from dynamic
allocation, such that the user equipment can prepare an exact grant size for each transmission, as
and when the user equipment has (or expects to have) data to send.

[0036] Certain embodiments may relate to dynamic adaptation of resource levels for each
grant-free repetition. For each grant-free configuration, a list of resource levels up to the maximum
requested resource level may be configured. The user equipment can then dynamically indicate a
varying reduced level if the data to send is different in each periodic transmission. This approach
can reduce user equipment transmit power and consequently also reduce interference presented to
other UEs. The network can also reuse the unused resource for other UEs’ dynamic allocation
needs.

[0037] FIG. 3 illustrates an adaptable uplink medium access control scheme for fast, grant-
free, low-latency data transmission, according to certain embodiments of the present disclosure.
The example of FIG. 3 is simply one example of such an adaptable uplink medium access control
scheme for fast, grant-free, low-latency data transmission, while numerous variations thereupon
are permitted.

[0038] During connection setup, the user equipment may request the network to setup up
to N multiple instances of configured grant configurations. In FIG. 3, N is 4, as there are four
distinct configured grants, respectively Configured Grant 1, Configured Grant 2, Configured Grant
3, and Configured Grant 4.

[0039] Each of the N configurations can be associated with a Logical Channel (LC), or a
group of LCs with a specific traffic pattern and latency requirement. These requirements may
include a specific level of repeats, which ensure the reliable delivery of the low latency data
packets. The example in FIG. 3 shows 4 different applications that are configured with different
periodic transmissions, each with a different number of repeats, and each with a requested

maximum discrete level of resource allocation. In this example, Configured Grant 1 has a resource



10

15

20

25

30

WO 2021/056034 PCT/US2021/014236
-9.-

level of M (the maximum level) and 8 repetitions, with a long period, Period 1. Configured Grant
2 has a resource level 2 and 4 repetitions, with Period 2, which is shorter than Period 1. Configured
Grant 3 has a resource level of 1 and 8 repetitions, with Period 3, which is about the same as Period
2. Finally, Configured Grant 4 has a resource level of 5 with two repetitions and Period 4, which
is the shortest of the periods in this example.

[0040] The user equipment UE can first request the network to allocate a required resource
level according to the UE’s maximum anticipated periodic traffic needs at each of the periodic
transmission occasion(s), up to any one of the specified M discrete levels. This requested level
(which could be designated as level K) can correspond to specific grant size bits, which both the
user equipment and the network can be pre-configured in the user equipment’s initial settings.
[0041] The user equipment can send to the network a list of configured grant requests, up
to N instances, each corresponding to an application (or group of applications): Configured Grant
Request List [N], where each request can include Configured Grant Request: (UE to NW) {Period,
RepK (repetition level), and Resource Request Level K (from Level 1 to M)}. The network can
then pre-allocate this requested Level K. The grant size can be encoded with bits in terms of
resource allocation structure list with a specific time and frequency resource allocation.

[0042] The network sends the user equipment a list of configured grant configurations, up
to N instances: Configured Grant Configuration List [N], where each configuration instance can
include Configured Grant Configuration: (NW to UE) {Period, RepK (repetition level), Transmit
parameters, Resource Allocation List [K] {resource allocation — (time, frequency), MCS}}.
[0043] The resource allocation list structure can contain a list of K resource allocations in
terms of time and frequency according to the NW’s serving cell configuration, as well as a
corresponding Modulation and Coding Scheme (MCS) index for each resource allocation level.
This will be a list in discrete levels from Level 1 to Level K. Network will however, only pre-
allocate up to the requested level K.

[0044] When the UE’s application has data to send at a specific time, the user equipment
can immediately compose a MAC packet data unit (MACPDU) with the exact grant size according
to the pre-allocated configuration at the specific transmit time, eliminating any scheduling request
or further communications delay with the network. This approach may allow the user equipment
to multiplex its concurrent real-time low latency applications with different traffic requirement

needs, with grant-free scheduling on the configured grant resource allocations.
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[0045] FIG. 4 illustrates another example of an adaptable uplink medium access control
scheme for fast, grant-free, low-latency data transmission, according to certain embodiments of the
present disclosure. One difference between the example of FIG. 3 and FIG. 4, is that in FIG. 3 the
applications have a consistent pattern, whereas the applications in FIG. 4 have varying patterns.
[0046] Certain embodiments may allow the user equipment to adjust the user equipment’s
transmission scheme with varying periodic traffic pattern, as and when the user equipment is
transmitting.

[0047] As shown in FIG. 4, when the user equipment has data to send for a specific
application with a pre-configured resource allocation, the user equipment can select a discrete level
of resource corresponding to the user equipment’s current data buffer queue and data rate. These
levels can be pre-configured at the network according to the configured grant configuration’s
resource allocation list[K] that it sends to the UE during setup.

[0048] The user equipment can then prepare a MACPDU with the selected exact grant size,
and can signal to the network, using a configured grant MAC CE, the specific resource allocation
level that the user equipment selected to use corresponding to the uplink data rate. This MAC CE
can be included at the end of the data MacSubPDUs, where the UE can indicate a 4-bit resource
level that it is transmitting: Configured Grant MAC CE {Resource Allocation Level }.

[0049] In essence, the user equipment can transmit grant-free low latency packets with
varying data rates at periodic intervals according to the user equipment’s data buffer status, and
can feed back each data rate in real-time when the user equipment is transmitting.

[0050] Since the network will not know the reduced data rate at the first slot of transmission
in a repeat bundle, the network can still pre-allocate the maximum requested resource for this first
slot. After the network decodes the MAC CE, the network can pre-allocate the reduced level of
resource for subsequent UL transmissions in the repeated slots.

[0051] The method can reduce the user equipment transmit power, which can cause less
interference level to other UEs. The network can then reuse the unused resource for other UE’s
dynamic allocation needs.

[0052] FIG. 5 illustrates a signal flow diagram of a method according to certain
embodiments. As shown in FIG. 5, at 510, the user equipment can send an RRC setup request for
a connection setup (or alternatively, not shown, the UE can send an RRC resume or an RRC re-
establishment). After the network sends the RRC setup to the user equipment to establish the

signaling connection at 520, at 530, the user equipment can send RRC setup complete to the
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network. In the RRC setup complete message, the user equipment can include the information for
the configured grant requests list, up to N such instances, each with a specific period, repK
repetition level, and resource request level K.

[0053] At 540, when the network sends the RRC reconfiguration message to the user
equipment to set up the data radio bearers (DRBs), the network can include the configured grant
allocation list, up to N instances that the user equipment requested. Each item of the list can include
the requested period, repK, transmit parameters, and the list of resource allocation up to K levels,
each with pre-configured time and frequency allocations. The network can pre-allocate the
maximum K level that the user equipment requested. The grant-free allocations for all N instances
can then be set up successfully. The user equipment can acknowledge with a radio resource control
reconfiguration complete message at 550.

[0054] When the grant-free transmission is activated, the user equipment can start sending
periodic data packets for each transmission opportunity, with varying data rates and different
repetition levels. Thus, the UE can send with Configured Grant 1 at 562, with Configured Grant 2
at 564, with Configured Grant 3 at 566, and with Configured Grant 4 at 568. In this example, the
configured grants correspond to those illustrated in FIGs. 3 and 4, simply by way of illustration.
Other configured grants are also permitted.

[0055] As shown in FIG. 5, each of the application data packets can be sent in the physical
uplink shared channel. In other communication systems, the same principle could be applied, in
which case the name of the communication channels may be different.

[0056] FIG. 6 illustrates a method according to certain embodiments of the present
disclosure. The method of FIG. 6 may be implemented by, for example, a user equipment in
communication with an access node or other base station. Thus, for example, the steps shown on
the left side of FIG. 6 may be performed by a user equipment, while the steps shown on the right
side of FIG. 6 may be performed by a base station or other network element. The method may be
implemented in hardware, software, or a combination thereof.

[0057] As shown in FIG. 6, a method for grant-free uplink communication can include, at
610, requesting, by a user equipment, a plurality of instances of configured grants, each with at
least one of a specific resource level, repetition, or period. In some cases, each instance of
configured grant can specify the resource level, repetition, and period.

[0058] The method can also include, at 620, receiving, at the user equipment, a pre-

allocation of the requested plurality of instances of the configured grants at the at least one of the
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specific resource level, repetition, or period. In other words, the pre-allocation may match the
request. Optionally, the pre-allocation may only match a portion of the request, for example, if the
network determines that there are not sufficient resources to grant all of the requests. As another
alternative, if the request cannot be granted in full, the network may send a message indicating that
the request is being denied.

[0059] The method can further include, at 640, transmitting, by the user equipment, data
according to the pre-allocation. The transmitting of the data can include transmitting at varying
data rates up to a level provided by the pre-allocation, depending on user equipment needs. FIG.
4 provides an example of varying data rates, in contrast to the consistent data rates shown in FIG.
3. Each instance of the plurality of instances of configured grants can be for a different logical
channel or group of logical channels.

[0060] As shown in FIG. 6, the method can further include, at 605, multiplexing concurrent
low latency applications with different traffic requirement needs from one another. In some
embodiments, low latency can refer to latency below a threshold number of milliseconds. In some
embodiments, the latency can be measured with reference to the time that a modem of the user
equipment receives data packets from an application to the time that the modem transmits the data
packets to an access point or other base station or network element. In other cases, low latency
can refer to data that is to be transmitted as a URLLC communication. The multiplexing at 605
can be accomplished using the requesting at 610 and then subsequently transmitting the data at
640.

[0061] The requesting at 610 can include requesting a discrete resource allocation level for
each of the plurality of instances of the configured grants. As mentioned above, there may be a
finite integer number, M, of possible resource allocation levels such as, for example, eight resource
allocation levels.

[0062] As shown in FIG. 6, the method can further include, at 607, estimating nominal
communication needs for a plurality of applications, such as the amount and frequency of data to
be transmitted by each application. Each requested discrete resource allocation level can be based
on the estimated nominal communication needs of a respective application of the plurality of
applications.

[0063] The method can further include, at 622, determining needs of applications. This
determination can be made on an on-going basis as the implementing user equipment operates.

Thus, these may be the immediate or short-term needs of the applications, as distinct from the long-
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term or maximum needs of the applications. The method can also include, at 630, reporting an
unused portion of the pre-allocation based on the determined needs of the applications. This report
can be included as a MAC CE, as explained above.

[0064] The requesting at 610 can be performed during connection setup in a radio resource
control setup message, as illustrated in FIG. 5. Similarly, the receiving of the pre-allocation at 620
can involve receiving the pre-allocation in a radio resource control reconfiguration message.
[0065] The method of FIG. 6 can also include a corresponding method for control of grant-
free uplink communication. The method can include, at 615, receiving a request from the user
equipment for the plurality of instances of configured grants, each with at least one of a specific
resource level, repetition, or period. The method can also include, at 625, pre-allocating to the user
equipment the requested plurality of instances of the configured grants at the at least one of the
specific resource level, repetition, or period. The method can further include, at 645, receiving
subsequently transmitted data from the user equipment according to the pre-allocation.

[0066] The method can further include (not explicitly shown in FIG. 6) receiving, from the
user equipment, the report of the unused portion of the pre-allocation sent at 630. The method can
additionally include, at 635, reallocating the unused portion to another user equipment. The
reallocation can be done using responses to scheduling requests by the other user equipment. The
unused portion can be explicitly indicated in a MAC CE or can be implicitly indicated by the user
equipment discontinuing the use of the resource for one repetition of a plurality of the repetitions.
[0067] The pre-allocating at 625 can be performed using a radio resource control
reconfiguration message, as illustrated in FIG. 5.

[0068] Hence certain embodiments can allow the user equipment to adaptively transmit
varying data rates for multiple concurrent low latency data applications with periodic traffic, in a
grant-free scheme with no scheduling delay. This method may be used for URLLC applications.
[0069] Certain embodiments may provide a simple, practical scheme with minimal
software complexity. Moreover, certain embodiments may eliminate grant servicing delays with
known exact grant size for MACPDU preparation. Additionally, certain embodiments may
eliminate scheduling delays with pre-configured resource levels.  Furthermore, certain
embodiments may provide improved user equipment power with reduced data rates when not
needed. Additionally, certain embodiments may provide reduced interference levels to other UEs.
Also, certain embodiments may also allow the network to re-allocate unused resources for other

UEs.



10

15

20

25

30

WO 2021/056034 PCT/US2021/014236
-14 -

[0070] The software and hardware interworking systems disclosed herein, such as those
implementing the signal flow of FIG. 5, the method of FIG. 6, or the timing examples of FIGs. 3
and 4, may be implemented by any suitable nodes in a wireless network. For example, FIG. 8
illustrates an exemplary wireless network 800, in which some aspects of the present disclosure may
be implemented, according to some embodiments of the present disclosure.

[0071] FIG. 7 illustrates a block diagram of an apparatus 700 including a baseband chip
702, an RF chip 704, and a host chip 706, according to some embodiments of the present disclosure.
Apparatus 700 may be an example of any suitable node of wireless network 800 in FIG. 8, such as
user equipment 802 or access node 804. As shown in FIG. 7, apparatus 700 may include baseband
chip 702, RF chip 704, host chip 706, and one or more antennas 710. In some embodiments,
baseband chip 702 is implemented by processor 902 and memory 904, and RF chip 704 is
implemented by processor 902, memory 904, and transceiver 906, as described below with respect
to FIG. 9. Besides the on-chip memory (also known as “internal memory,” e.g., registers, buffers,
or caches) on each chip 702, 704, or 706, apparatus 700 may further include an external memory
708 (e.g., the system memory or main memory) that can be shared by each chip 702, 704, or 706
through the system/main bus. Although baseband chip 702 is illustrated as a standalone SoC in
FIG. 7, it is understood that in one example, baseband chip 702 and RF chip 704 may be integrated
as one SoC; in another example, baseband chip 702 and host chip 706 may be integrated as one
SoC; in still another example, baseband chip 702, RF chip 704, and host chip 706 may be integrated
as one SoC.

[0072] In the uplink, host chip 706 may generate raw data and send it to baseband chip 702
for encoding, modulation, and mapping. Baseband chip 702 may also access the raw data
generated by host chip 706 and stored in external memory 708, for example, using the direct
memory access (DMA). Baseband chip 702 may first encode (e.g., by source coding and/or
channel coding) the raw data and modulate the coded data using any suitable modulation
techniques, such as multi-phase pre-shared key (MPSK) modulation or quadrature amplitude
modulation (QAM). Baseband chip 702 may perform any other functions, such as symbol or layer
mapping, to convert the raw data into a signal that can be used to modulate the carrier frequency
for transmission. In the uplink, baseband chip 702 may send the modulated signal to RF chip 704.
RF chip 704, through the transmitter (Tx), may convert the modulated signal in the digital form

into analog signals, i.e., RF signals, and perform any suitable front-end RF functions, such as
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filtering, up-conversion, or sample-rate conversion. Antenna 710 (e.g., an antenna array) may
transmit the RF signals provided by the transmitter of RF chip 704.

[0073] In the downlink, antenna 710 may receive RF signals and pass the RF signals to the
receiver (Rx) of RF chip 704. RF chip 704 may perform any suitable front-end RF functions, such
as filtering, down-conversion, or sample-rate conversion, and convert the RF signals into low-
frequency digital signals (baseband signals) that can be processed by baseband chip 702. In the
downlink, baseband chip 702 may demodulate and decode the baseband signals to extract raw data
that can be processed by host chip 706. Baseband chip 702 may perform additional functions, such
as error checking, de-mapping, channel estimation, descrambling, etc. The raw data provided by
baseband chip 702 may be sent to host chip 706 directly or stored in external memory 708.

[0074] As shown in FIG. 8, wireless network 800 may include a network of nodes, such as
a UE 802, an access node 804, and a core network element 806. User equipment 802 may be any
terminal device, such as a mobile phone, a desktop computer, a laptop computer, a tablet, a vehicle
computer, a gaming console, a printer, a positioning device, a wearable electronic device, a smart
sensor, or any other device capable of receiving, processing, and transmitting information, such as
any member of a vehicle to everything (V2X) network, a cluster network, a smart grid node, or an
Internet-of-Things (IoT) node. It is understood that user equipment 802 is illustrated as a mobile
phone simply by way of illustration and not by way of limitation.

[0075] Access node 804 may be a device that communicates with user equipment 802, such
as a wireless access point, a base station (BS), a Node B, an enhanced Node B (eNodeB or eNB),
a next-generation NodeB (gNodeB or gNB), a cluster master node, or the like. Access node 804
may have a wired connection to user equipment 802, a wireless connection to user equipment 802,
or any combination thereof. Access node 804 may be connected to user equipment 802 by multiple
connections, and user equipment 802 may be connected to other access nodes in addition to access
node 804. Access node 804 may also be connected to other UEs. It is understood that access node
804 is illustrated by a radio tower by way of illustration and not by way of limitation.

[0076] Core network element 806 may serve access node 804 and user equipment 802 to
provide core network services. Examples of core network element 806 may include a home
subscriber server (HSS), a mobility management entity (MME), a serving gateway (SGW), or a
packet data network gateway (PGW). These are examples of core network elements of an evolved
packet core (EPC) system, which is a core network for the LTE system. Other core network

elements may be used in LTE and in other communication systems. In some embodiments, core
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network element 806 includes an access and mobility management function (AMF) device, a
session management function (SMF) device, or a user plane function (UPF) device, of a core
network for the NR system. It is understood that core network element 806 is shown as a set of
rack-mounted servers by way of illustration and not by way of limitation.

[0077] Core network element 806 may connect with a large network, such as the Internet
808, or another IP network, to communicate packet data over any distance. In this way, data from
user equipment 802 may be communicated to other UEs connected to other access points,
including, for example, a computer 810 connected to Internet 808, for example, using a wired
connection or a wireless connection, or to a tablet 812 wirelessly connected to Internet 808 via a
router 814. Thus, computer 810 and tablet 812 provide additional examples of possible UEs, and
router 814 provides an example of another possible access node.

[0078] A generic example of a rack-mounted server is provided as an illustration of core
network element 806. However, there may be multiple elements in the core network including
database servers, such as a database 816, and security and authentication servers, such as an
authentication server 818. Database 816 may, for example, manage data related to user
subscription to network services. A home location register (HLR) is an example of a standardized
database of subscriber information for a cellular network. Likewise, authentication server 818 may
handle authentication of users, sessions, and so on. In the NR system, an authentication server
function (AUSF) device may be the specific entity to perform user equipment authentication. In
some embodiments, a single server rack may handle multiple such functions, such that the
connections between core network element 806, authentication server 818, and database 816, may
be local connections within a single rack.

[0079] Although the above-description used uplink and downlink processing of a packet in
a UE as examples in various discussions, similar techniques may likewise be used for the other
direction of processing and for processing in other devices, such as access nodes, and core network
nodes. For example, any device that processes packets according to a reconfigurable schedule may
benefit some embodiments of the present disclosure, even if not specifically listed above or
illustrated in the example network of FIG. 8.

[0080] Each of the elements of FIG. 8 may be considered a node of wireless network 800.
More detail regarding the possible implementation of a node is provided by way of example in the
description of a node 900 in FIG. 9 below. Node 900 may be configured as user equipment 802,

access node 804, or core network element 806 in FIG. 8. Similarly, node 900 may also be
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configured as computer 810, router 814, tablet 812, database 816, or authentication server 818 in
FIG. 8.

[0081] As shown in FIG. 9, node 900 may include a processor 902, a memory 904, a
transceiver 906. These components are shown as connected to one another by bus 908, but other
connection types are also permitted. When node 900 is user equipment 802, additional components
may also be included, such as a user interface (UI), sensors, and the like. Similarly, node 900 may
be implemented as a blade in a server system when node 900 is configured as core network element
806. Other implementations are also possible.

[0082] Transceiver 906 may include any suitable device for sending and/or receiving data.
Node 900 may include one or more transceivers, although only one transceiver 906 is shown for
simplicity of illustration. An antenna 910 is shown as a possible communication mechanism for
node 900. Multiple antennas and/or arrays of antennas may be utilized. Additionally, examples
of node 900 may communicate using wired techniques rather than (or in addition to) wireless
techniques. For example, access node 804 may communicate wirelessly to user equipment 802
and may communicate by a wired connection (for example, by optical or coaxial cable) to core
network element 806. Other communication hardware, such as a network interface card (NIC),
may be included as well.

[0083] As shown in FIG. 9, node 900 may include processor 902. Although only one
processor 1s shown, it is understood that multiple processors can be included. Processor 902 may
include microprocessors, microcontrollers, digital signal processors (DSPs), application specific
integrated circuits (ASICs), field-programmable gate arrays (FPGAs), programmable logic devices
(PLDs), state machines, gated logic, discrete hardware circuits, and other suitable hardware
configured to perform the various functions described throughout the present disclosure. Processor
902 may be a hardware device having one or many processing cores. Processor 902 may execute
software. Software shall be construed broadly to mean instructions, instruction sets, code, code
segments, program code, programs, subprograms, software modules, applications, software
applications, software packages, routines, subroutines, objects, executables, threads of execution,
procedures, functions, etc., whether referred to as software, firmware, middleware, microcode,
hardware description language, or otherwise. Software can include computer instructions written
in an interpreted language, a compiled language, or machine code. Other techniques for instructing
hardware are also permitted under the broad category of software. Processor 902 may be a

baseband chip, such as baseband chip 702 in FIG. 7. The node 900 may also include other
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processors, not shown, such as a central processing unit of the device, a graphics processor, or the
like. The processor 902 may include internal memory (not shown in FIG. 9) that may serve as
memory for L2 data. Processor 902 may include an RF chip, for example, integrated into a
baseband chip, or an RF chip may be provided separately. Processor 902 may be configured to
operate as a modem of node 900, or may be one element or component of a modem. Other
arrangements and configurations are also permitted.

[0084] As shown in FIG. 9, node 900 may also include memory 904. Although only one
memory is shown, it is understood that multiple memories can be included. Memory 904 can
broadly include both memory and storage. For example, memory 904 may include random-access
memory (RAM), read-only memory (ROM), SRAM, dynamic RAM (DRAM), ferro-electric RAM
(FRAM), electrically erasable programmable ROM (EEPROM), CD-ROM or other optical disk
storage, hard disk drive (HDD), such as magnetic disk storage or other magnetic storage devices,
Flash drive, solid-state drive (SSD), or any other medium that can be used to carry or store desired
program code in the form of instructions that can be accessed and executed by processor 902.
Broadly, memory 904 may be embodied by any computer-readable medium, such as a non-
transitory computer-readable medium. The memory 904 can be the external memory 708 in FIG.
7. The memory 904 may be shared by processor 902 and other components of node 900, such as
the unillustrated graphic processor or central processing unit.

[0085] In various aspects of the present disclosure, the functions described herein may be
implemented in hardware, software, firmware, or any combination thereof. If implemented in
software, the functions may be stored on or encoded as instructions or code on a non-transitory
computer-readable medium. Computer-readable media includes computer storage media. Storage
media may be any available media that can be accessed by a computing device, such as node 900
in FIG. 9. By way of example, and not limitation, such computer-readable media can include
RAM, ROM, EEPROM, CD-ROM or other optical disk storage, HDD, such as magnetic disk
storage or other magnetic storage devices, Flash drive, SSD, or any other medium that can be used
to carry or store desired program code in the form of instructions or data structures and that can be
accessed by a processing system, such as a mobile device or a computer. Disk and disc, as used
herein, includes CD, laser disc, optical disc, DVD, and floppy disk where disks usually reproduce
data magnetically, while discs reproduce data optically with lasers. Combinations of the above

should also be included within the scope of computer-readable media.
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[0086] According to an aspect of the present disclosure, a method for grant-free uplink
communication can include requesting, by a user equipment, a plurality of instances of configured
grants, each with at least one of a specific resource level, repetition, or period. The method can
also include receiving, at the user equipment, a pre-allocation of the requested plurality of instances
of the configured grants at the at least one of the specific resource level, repetition, or period. The
method can further include transmitting, by the user equipment, data according to the pre-allocation.
[0087] In some embodiments, the transmitting the data can include transmitting at varying
data rates up to a level provided by the pre-allocation, depending on user equipment needs.

[0088] In some embodiments, each instance of the plurality of instances of configured
grants can be for a different logical channel or group of logical channels.

[0089] In some embodiments, the method can further include multiplexing concurrent low
latency applications with different traffic requirement needs.

[0090] In some embodiments, the requesting can include requesting a discrete resource
allocation level for each of the plurality of instances of the configured grants.

[0091] In some embodiments, the method can further include estimating nominal
communication needs for a plurality of applications. Each requested discrete resource allocation
level can be based on the estimated nominal communication needs of a respective application of
the plurality of applications.

[0092] In some embodiments, the method can further include determining needs of
applications. The method can also include reporting an unused portion of the pre-allocation based
on the determined needs of the applications.

[0093] In some embodiments, the requesting can be performed during connection setup in
a radio resource control setup message.

[0094] In some embodiments, the receiving the pre-allocation comprises receiving the pre-
allocation in a radio resource control reconfiguration message.

[0095] According to another aspect of the present disclosure, a method for control of grant-
free uplink communication can include receiving a request from a user equipment for a plurality
of instances of configured grants, each with at least one of a specific resource level, repetition, or
period. The method can also include pre-allocating to the user equipment the requested plurality
of instances of the configured grants at the at least one of the specific resource level, repetition, or
period. The method can further include receiving subsequently transmitted data from the user

equipment according to the pre-allocation.
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[0096] In some embodiments, each instance of the plurality of instances of configured
grants can be for a different logical channel or group of logical channels.

[0097] In some embodiments, the request can include a request for a discrete resource
allocation level for each of the plurality of instances of the configured grants.

[0098] In some embodiments, the method can further include receiving, from the user
equipment, a report of an unused portion of the pre-allocation. The method can additionally include
reallocating the unused portion to another user equipment.

[0099] In some embodiments, the report can be received in a MAC CE.

[0100] In some embodiments, the pre-allocating can include sending the pre-allocation in
a radio resource control reconfiguration message.

[0101] According to a further aspect of the present disclosure, an apparatus for grant-free
uplink communication, such as user equipment, can include at least one processor and at least one
memory having computer program instructions. The memory and the computer program
instructions can be configured to, with the at least one processor, cause the apparatus at least to
request a plurality of instances of configured grants, each with at least one of a specific resource
level, repetition, or period. The memory and the computer program instructions can also be
configured to, with the at least one processor, cause the apparatus at least to receive a pre-allocation
of the requested plurality of instances of the configured grants at the at least one of the specific
resource level, repetition, or period. The memory and the computer program instructions can also
be configured to, with the at least one processor, cause the apparatus at least to transmit data
according to the pre-allocation.

[0102] In some embodiments, the memory and the computer program instructions can be
configured to, with the at least one processor, cause the apparatus at least to transmit the data at
varying data rates up to a level provided by the pre-allocation, depending on user equipment needs.
[0103] In some embodiments, each instance of the plurality of instances of configured
grants can be for a different logical channel or group of logical channels.

[0104] In some embodiments, the memory and the computer program instructions can be
configured to, with the at least one processor, cause the apparatus at least to multiplex concurrent
low latency applications with different traffic requirement needs.

[0105] In some embodiments, the memory and the computer program instructions can be
configured to, with the at least one processor, cause the apparatus at least to request a discrete

resource allocation level for each of the plurality of instances of the configured grants.



10

15

20

25

30

WO 2021/056034 PCT/US2021/014236
-21-

[0106] In some embodiments, the memory and the computer program instructions can be
configured to, with the at least one processor, cause the apparatus at least to estimate nominal
communication needs for a plurality of applications. Each requested discrete resource allocation
level can be based on the estimated nominal communication needs of a respective application of
the plurality of applications.

[0107] In some embodiments, the memory and the computer program instructions can be
configured to, with the at least one processor, cause the apparatus at least to determine needs of
applications. The memory and the computer program instructions can also be configured to, with
the at least one processor, cause the apparatus at least to report an unused portion of the pre-
allocation based on the determined needs of the applications.

[0108] In some embodiments, the memory and the computer program instructions can be
configured to, with the at least one processor, cause the apparatus at least to perform the requesting
during connection setup in a radio resource control setup message.

[0109] In some embodiments, the memory and the computer program instructions can be
configured to, with the at least one processor, cause the apparatus at least to receive the pre-
allocation in a radio resource control reconfiguration message.

[0110] According to yet another aspect of the present disclosure, an apparatus for control
of grant-free uplink communication, such as a base station or access point, can include at least one
processor and at least one memory having computer program instructions. The memory and the
computer program instructions can be configured to, with the at least one processor, cause the
apparatus at least to receive a request from a user equipment for a plurality of instances of
configured grants, each with at least one of a specific resource level, repetition, or period. The
memory and the computer program instructions can also be configured to, with the at least one
processor, cause the apparatus at least to pre_allocate to the user equipment the requested plurality
of instances of the configured grants at the at least one of the specific resource level, repetition, or
period. The memory and the computer program instructions can further be configured to, with the
at least one processor, cause the apparatus at least to receive subsequently transmitted data from
the user equipment according to the pre-allocation.

[0111] In some embodiments, each instance of the plurality of instances of configured
grants can be for a different logical channel or group of logical channels.

[0112] In some embodiments, the request can be a request for a discrete resource allocation

level for each of the plurality of instances of the configured grants.
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[0113] In some embodiments, the memory and the computer program instructions can be
configured to, with the at least one processor, cause the apparatus at least to receive, from the user
equipment, a report of an unused portion of the pre-allocation. The memory and the computer
program instructions can also be configured to, with the at least one processor, cause the apparatus
at least to reallocate the unused portion to another user equipment.

[0114] In some embodiments, the memory and the computer program instructions can be
configured to, with the at least one processor, cause the apparatus at least to receive the report in a
MAC CE.

[0115] In some embodiments, the memory and the computer program instructions can be
configured to, with the at least one processor, cause the apparatus at least to send the pre-allocation
in a radio resource control reconfiguration message.

[0116] According to still another aspect of the present disclosure, a non-transitory
computer-readable medium can be encoded with instructions that, when executed in hardware,
perform a method for grant-free uplink communication. The method can include requesting, by a
user equipment, a plurality of instances of configured grants, each with at least one of a specific
resource level, repetition, or period. The method can also include receiving, at the user equipment,
a pre-allocation of the requested plurality of instances of the configured grants at the at least one
of the specific resource level, repetition, or period. The method can additionally include
transmitting, by the user equipment, data according to the pre-allocation.

[0117] According to a still further aspect of the present disclosure, a non-transitory
computer-readable medium can be encoded with instructions that, when executed in hardware,
perform a method for control of grant-free uplink communication. The method can include
receiving a request from a user equipment for a plurality of instances of configured grants, each
with at least one of a specific resource level, repetition, or period. The method can also include
pre-allocating to the user equipment the requested plurality of instances of the configured grants at
the at least one of the specific resource level, repetition, or period. The method can further include
receiving subsequently transmitted data from the user equipment according to the pre-allocation.
[0118] The foregoing description of the specific embodiments will so reveal the general
nature of the present disclosure that others can, by applying knowledge within the skill of the art,
readily modify and/or adapt for various applications such specific embodiments, without undue
experimentation, without departing from the general concept of the present disclosure. Therefore,

such adaptations and modifications are intended to be within the meaning and range of equivalents
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of the disclosed embodiments, based on the teaching and guidance presented herein. It is to be
understood that the phraseology or terminology herein is for the purpose of description and not of
limitation, such that the terminology or phraseology of the present specification is to be interpreted
by the skilled artisan in light of the teachings and guidance.

[0119] Embodiments of the present disclosure have been described above with the aid of
functional building blocks illustrating the implementation of specified functions and relationships
thereof. The boundaries of these functional building blocks have been arbitrarily defined herein
for the convenience of the description. Alternate boundaries can be defined so long as the specified
functions and relationships thereof are appropriately performed.

[0120] The Summary and Abstract sections may set forth one or more but not all exemplary
embodiments of the present disclosure as contemplated by the inventor(s), and thus, are not
intended to limit the present disclosure and the appended claims in any way.

[0121] Various functional blocks, modules, and steps are disclosed above. The particular
arrangements provided are illustrative and without limitation. Accordingly, the functional blocks,
modules, and steps may be re-ordered or combined in different ways than in the examples provided
above. Likewise, some embodiments include only a subset of the functional blocks, modules, and
steps, and any such subset is permitted.

[0122] The breadth and scope of the present disclosure should not be limited by any of the
above-described exemplary embodiments, but should be defined only in accordance with the

following claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A method for grant-free uplink communication, comprising:

requesting, by a user equipment, a plurality of instances of configured grants, each with at
least one of a specific resource level, repetition, or period;

receiving, at the user equipment, a pre-allocation of the requested plurality of instances of
the configured grants at the at least one of the specific resource level, repetition, or period; and

transmitting, by the user equipment, data according to the pre-allocation.

2. The method of claim 1, wherein the transmitting the data comprises transmitting at

varying data rates up to a level provided by the pre-allocation, depending on user equipment needs.

3. The method of claim 1, wherein each instance of the plurality of instances of configured

grants is for a different logical channel or group of logical channels.

4. The method of claim 1, further comprising:

multiplexing concurrent low latency applications with different traffic requirement needs.

5. The method of claim 1, wherein the requesting comprises requesting a discrete resource

allocation level for each of the plurality of instances of the configured grants.

6. The method of claim 5, further comprising:
estimating nominal communication needs for a plurality of applications, wherein each
requested discrete resource allocation level is based on the estimated nominal communication

needs of a respective application of the plurality of applications.

7. The method of claim 1, further comprising:
determining needs of applications; and
reporting an unused portion of the pre-allocation based on the determined needs of the

applications.
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8. The method of claim 1, wherein the requesting is performed during connection setup in

a radio resource control setup message.

9. The method of claim 1, wherein the receiving the pre-allocation comprises receiving the

pre-allocation in a radio resource control reconfiguration message.

10. A method for control of grant-free uplink communication, comprising:

receiving a request from a user equipment for a plurality of instances of configured grants,
each with at least one of a specific resource level, repetition, or period;

pre-allocating to the user equipment the plurality of instances of the configured grants at
the at least one of the specific resource level, repetition, or period; and

receiving subsequently transmitted data from the user equipment according to the pre-

allocation.

11. The method of claim 10, wherein each instance of the plurality of instances of

configured grants is for a different logical channel or group of logical channels.

12. The method of claim 10, wherein the request comprises a request for a discrete resource

allocation level for each of the plurality of instances of the configured grants.

13. The method of claim 10, further comprising:
receiving, from the user equipment, a report of an unused portion of the pre-allocation; and

reallocating the unused portion to another user equipment.

14. The method of claim 13, wherein the report is received in a medium access control

(MAC) control element.

15. The method of claim 10, wherein the pre-allocating comprises sending the pre-

allocation in a radio resource control reconfiguration message.

16. An apparatus for grant-free uplink communication, comprising:

at least one processor; and
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at least one memory comprising computer program instructions, wherein the at least one
memory and the computer program instructions are configured to, with the at least one processor,
cause the apparatus at least to:

request a plurality of instances of configured grants, each with at least one of a specific
resource level, repetition, or period,;

receive a pre-allocation of the requested plurality of instances of the configured grants at
the at least one of the specific resource level, repetition, or period; and

transmit data according to the pre-allocation.

17. The apparatus of claim 16, the at least one memory and the computer program
instructions are configured to, with the at least one processor, cause the apparatus at least to
transmit the data at varying data rates up to a level provided by the pre-allocation, depending on

user equipment needs.

18. The apparatus of claim 16, wherein each instance of the plurality of instances of

configured grants is for a different logical channel or group of logical channels.

19. The apparatus of claim 16, the at least one memory and the computer program
instructions are configured to, with the at least one processor, cause the apparatus at least to

multiplex concurrent low latency applications with different traffic requirement needs.

20. The apparatus of claim 16, the at least one memory and the computer program
instructions are configured to, with the at least one processor, cause the apparatus at least to request

a discrete resource allocation level for each of the plurality of instances of the configured grants.

21. The apparatus of claim 20, the at least one memory and the computer program
instructions are configured to, with the at least one processor, cause the apparatus at least to
estimate nominal communication needs for a plurality of applications, wherein each requested
discrete resource allocation level is based on the estimated nominal communication needs of a

respective application of the plurality of applications.
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22. The apparatus of claim 16, the at least one memory and the computer program
instructions are configured to, with the at least one processor, cause the apparatus at least to:

determine needs of applications; and

report an unused portion of the pre-allocation based on the determined needs of the

applications.

23. The apparatus of claim 16, the at least one memory and the computer program
instructions are configured to, with the at least one processor, cause the apparatus at least to

perform the requesting during connection setup in a radio resource control setup message.

24. The apparatus of claim 16, the at least one memory and the computer program
instructions are configured to, with the at least one processor, cause the apparatus at least to receive

the pre-allocation in a radio resource control reconfiguration message.

25. An apparatus for control of grant-free uplink communication, comprising:

at least one processor; and

at least one memory comprising computer program instructions, wherein the at least one
memory and the computer program instructions are configured to, with the at least one processor,
cause the apparatus at least to:

receive a request from a user equipment for a plurality of instances of configured grants,
each with at least one of a specific resource level, repetition, or period;

pre-allocate to the user equipment the plurality of instances of the configured grants at the
at least one of the specific resource level, repetition, or period; and

receive subsequently transmitted data from the user equipment according to the pre-

allocation.

26. The apparatus of claim 25, wherein each instance of the plurality of instances of

configured grants is for a different logical channel or group of logical channels.

27. The apparatus of claim 25, wherein the request comprises a request for a discrete

resource allocation level for each of the plurality of instances of the configured grants.
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28. The apparatus of claim 25, the at least one memory and the computer program
instructions are configured to, with the at least one processor, cause the apparatus at least to:
receive, from the user equipment, a report of an unused portion of the pre-allocation; and

reallocate the unused portion to another user equipment.

29. The apparatus of claim 28, the at least one memory and the computer program
instructions are configured to, with the at least one processor, cause the apparatus at least to receive

the report in a medium access control (MAC) control element.

30. The apparatus of claim 25, the at least one memory and the computer program
instructions are configured to, with the at least one processor, cause the apparatus at least to send

the pre-allocation in a radio resource control reconfiguration message.
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