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METHOD AND APPARATUSES FOR PROVIDING TRANSFER BLOCK INDICATION IN UPLINK GRANT-FREE
TRANSMISSIONS

5 CROSS-REFERENCH TO RELATED APPLICATION
This U.S. nop-provisional application claims the bepefit of priority under 35

.50 §11%{ey w U.S. provisional apphication Neo. 62/479,891, filed on March 31,

2017, the entire content of which is incorporated herein by reference.
10 BACKGROUND
Geld

Jarious example embodiments relate to methods, apparatuses, systens, and/or
non-transitory computer readable media for providing transfer block indications in
uphink (UL} grani-free transmissions. More specifically, the example embodiments are

15 related to the use of non-scheduled UL grani-free transmissions for 3G Ultra Relable

Low Latency Conwgunications {URLLC)

Descripiion of the Related Arvi
Due to the increased demands for high speed wireless transter speeds and ultra-
20 reliable wireless transmissions, various proposals have been introdoced to for next
generation wireless protocols.  For example, the 3nd Generstion Partneeship Project
{(3GPP) consortium is a partnership between various telecommurications associations,
hardware manufacturers, wireless commanications operators, and veadors, that

gstablishes standards and protocols regarding various ceifular telecommunications

b2
n

network technologies, including radio access, the core transport network, and service
capabilities. Examples of 3GPP cellular telecommunications network standards include
GSM, CDMA, 4G LTE, etc. A 5% generation mobile network (5G) standard is
currently being developed to provide higher capacity, higher reliability, and lower
latency comununications than the curreni 4G LTE standard.  One goal of the 5G
30 standard is to provide Ulira Reliable Low Latency Communications (URLLC), which

provides for an average latency of 0.5 ms, and a reliability factor of 1-107 when
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ransmitting a 32 byie packet within 1 ms. In order to achieve this URLLC requirement,
various proposals have been submitted for supporting splink (UL} trassmissions
schemes withowt “grant™ for URLLC., UL grant-free transinissions can achieve lower
latency and lower signalling overhead thas grant-based transmissions because User
5 Equipment (UE) devices do not need to send a scheduling request to a Base Station
(BS) and wait for the BS to grant the UL before data transmission may begin,
Additionally, the support for UL grant-free transmissions may allow for the
achievement of the 5G URLLC reliability goal by reducing and/or eliminating potential
grrors caused by scheduling requeest and the resonrce grant process between the UE and
10 the BS.

However, during the UL grant-free transmission process for a first wansport
hiock (TH) during one or a sei of ransmission tme intervals (TTT), wherein a TT1 could
be a subframe, a slof, or a mini-slot, a UE may encounter a sitvation where the UH will
receive a UL grant from a BS requesting » second TB whike the UE i waiting for a

15 response from the BS with regards o the first TB. This may cause an issue because
under the currend 303 proposals, the UE is probibited from tansmiiting two or more TBs
during the same TT1L. Additionally, in this situation, the UE will be unable to determine
whether the UL prant is related to the first TB, and therefore, requires the UE to resend
the first TB to the BS using the received transmission schedule; or, if the BS has

20 properly received and decoded the first TB and is now requesting that the next TB (e.g.,
the second TB) be transmitted using the UL grant; or, it the UL grant is related to a TB
that was transmitted prior to the first TB transmission (e.g., if the first T8 is the current
TB, one or more TBs transmitted before the cwrent TB)Y, This situation may lead to

increased transiuission errors, reduced relability, increased latency costs, andior

b2
n

unnecessary resource consumption related to the UL grant. While one potential solotion
o this siteation would be to only allow the UE fo receive a single UL grant during a
single TT1 and to ignore all other UL grants, this selution is inefficient because it may
provide poorer link adaptation and/or inefficient resource usage.

Accordingly, an approach is desired that allows a UE transmit two or more
30 differcnt TBs during a single TTL and further allows the UE 1o determine whether a UL

grant received during a thoe window requires the refransodssion of a previously
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gansmitted TB or the transmission of a new TB. Accordingly, the UE could either
terminate the transraission of the ongoing TB to save on respurce usage, and/or accept
and/or follow the UL grant to retransmit the TB, which would provide more efficient
link adaptation and respurce adaptation over a grant-less TB transmission, and/or
5 transmit a new TB. All of these operations would enable more efficient transmission,

and therefore lower latency.

SUMMARY
At least one examiple embodiment refates to a User Equipment (UE) device for

10 providing wansfer block indications in uplink (UL) grant-free transmissions.

In at least one example eoibodiment of the UE device, the UE device may
include g memory having computer readable instructions stored thereon, and at least one
processor conlfigured to execute the compuier readable instructions {o transmif a fivst
gansport block (TB} to 2 base station (BS) during at least a first wansmission fime

15 interval (TT1) using a grant-free UL transmission, receive a UL grant from the BS ina
physical downlink contral channel (PDUCH) region during a time window, determine a
target of the UL grant, the target including at least one of the first TH, a second TB. or a
praviousty transmitted TH based on the UL grant, and transmit the target of the UL
grant to the BS.

20 Some example embodiments of the UE device provide that the at least one
processor is further configured o analyze a transport block size (TBS) of the UL grant
and a TBS of the transmitted first TB.

Some example embodiments of the UE device provide that the at least one

processor is further configured to when the TBS of the UL grant is the same or is a next

b2
n

higher TBS value as the TBS of the transmitted first TB, retransmut the first TB to the
BS based on the UL grant.

Some example embodiments of the UE device provide that the at least one
processor is further configured to when the TBS of the response is not the same and is
1ot & next higher TBS value as the TBS of the wransmitied first T8, transmit the second

33 TB tr the BS based on the UL zrant.

&



WO 2018/183100 PCT/US2018/023939

4

Some example embodiments of the UE device provide that the at least one
processor is forther configured to awtonomously select a4 HARQ process ID for the
grant-free UL transmission, and determine a nember of bits associated with a new data
indicator (NDE) included in the UL grant. When the determined muunber of NDI bits is

5 2, the at least one processor may perform at least one oft stopping fransmission of the
first TB using the grant-free UL transmission and determining whether to transmit a
new TB based on a vahwe of a different bit field incloded in the UL grant, the UL grant
incheding the HARQ process H3 that s selected by UE, retransmitting the first TB 1o the
85 based on the UL grant, continaing transmission of the first TB using the grant-free

10 UL transmission and refransmitting a previous TB scheduled for transmission prior to

the first TB to the BS based on the UL grant, the UL grant including grant-based UL
transniission scheduling information using a HARQ process 1D selected by the BS, and
confimiting {ransmission of the first TB using the grant-free UL transmission and
ransmitting the second TB {o the BS based on the UL grant.

i5 Some example embodiments of the UE device provide that wherein when the

determined number of NI bits is §, the at least one processor is further configured o
determine the PDCCH region associated with the UL grant, and based on the
deterptined PDCCH region and a value of the NDI bit, perform at least one of! stopping
transmission of the first TH using the grant-free UL transmission and determining

20 whether to transmit a pew TB based on a value of a different bit field included in the UL

grant, the UL grant inchuding the HARQ process I} that is selected by the UE,
retransmitting the first TB to the BS based on the UL grant, retransmitting the previous
TB to the BS based on the UL grant, and transmitting the second TB to the BS based on

the UL grant.

b2
n

Some example embodiments of the UE device provide that when results of the

3

determination indicate that the second T8 is 10 be transmiited, the at least one processor
is configured to transpit the second TH to the BS based on the UL grant as a URLLC
data packet or an eMBB data packet.

Some example embodiments of the UE device provide that when the UL grant is

30 received in a predefined or a configured timing after the first TTT of transmitting the
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first TH, the at Jeast one processor is configured o refransioit the first TR to the BS
based on the UL grant or transmit the second TB to the BS based on the UL grant.

At least one example embodiment relates to a Base Station (BS) device for
providing transfer bock indications in UL grant-free transmissions,

3 In at least one example embodiment of the BS device, the BS device may
inchude a memory having computer readable instructions stored thereon, and at least one
processor configured to execute the computer readable instructions o receive a first
transport block (T8) from a User Bguipment (UE} during a first transmission time
interval (Y11} using a grant-free UL transmission, determine whether o provide a UL

10 transmission grant to the UE, transouit a UL grant to the UE in a physical downlink

contro) channel (PRCCH) region during a time window, the UL grant indicating results
of the determination of the UL transmission grant status, and receive at least one of the
first TB, a second TR, or a previously transmitted TB from the UE based on the UL
fransmission grant status.

i5 Some example embodiments of the BS device provide that the at least one

processor is further configured to determine a transport block size (TBS) of the UL
grant based on a TBS of the received first TH and results of the determination of the UL
fransmission grant status.

Some example embodiments of the BS device provide that the at least one

20 processor is further configored to when the determined TBS of the UL grant is the same

or is a next higher TBS value as the TBS of the received first TB receive a
retransmission of the first TB from the UE based on the transmitted UL grant.
Some example embodiments of the BS device provide that the at least one

processor is further configared to when the determined TBS of the UL grant is nof the

b2
n

same and 1s not 3 next higher TBS valoe as the TBS of the received first TB, receive the
second TB from the UE based on the transmitted UL grant.

Some example embodiments of the BS device provide that the at least one
processor is further configured to select 8 HARQ process 11, set a bif length associated
with a new data mdicator (N}, set a value for the NDY bits, the value of the NDI bits
30 causing the UE to pedorm at least one of: stop transmission of the fisst TB using the

o~

grant-free UL transmission, retransmit the first TB to the BS based on the transmitted
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UL grami, condinue fransmission of the first TB using the grani-free UL transmission
and retransmit a previous TB scheduled for transmission prior o the first TR to the BS
based on the tansmitted UL grant, the transmitted UL grant including grant-based UL
transmission scheduling information using the selected HARQ process 1D, and continge
5 transmission of the first TB using the grant-free UL transmission and transmit the
second TH to the BS based on the transmitted UL grant: and transmit the UL grant to

the UE, the UL grant including the NDI bits and the selected HARQ process 1D,
Some example embodiments of the BS device provide that when the set namber
of NDI bits is 1, the at least one processor is further configured to select the PDCCH
10 region associated with the UL grant, set a value for the NI bit, the set value of the NDY
bit and the selected PDCCH region causing the UE to perform at least one of: stop
transnuission of the first TB using the grant-free UL transmission and determine whether
{0 fransmit a new TB based on a value of a different bt field included in the UL grant,
the UL grant including the HARQ process ID that was selected by the UE, retransmit
15 the first TB to the BS based on the wansmitted UL grant, retranamit the previous TB to

grant, and iransmit the second TB fo the BS based

-

the BS based on the transmifted UL
on the transmitied UL grant.

Some example embodiments of the BS device provide that the second TB is
transmitted from the UE as a URLLC data packet or an eMBEB data packet.

20 At least one example embodiment relates to a method of providing transter

block indications in UL grant-free transmissions.

In at least one example embodiment of the method, the method may inchude
transmitting a first transport block {TB) o a base staton (BS) during a first time

transmission interval (TT) using a grant-free UL transmission, receiving a UL grant

b2
n

from the BS in a physical downlink control channel (PDCCH) region during a time
window, the UL grant indicating whether the BS grants UL transmission, determining a
target of the UL grant, the target including at least the first TB or a second TB based on
the UL grant, and transmiiting the target of the UL grant to the BS.

Some exampie embodiments of the method include analyzing a transport block

30 size (TBR) of the UL grant and a TBS of the transmitted first TH.
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Some example embodiments of the method provide that when the TBS of the
UL grant 1s the same or is a next higher TBS value as the TBS of the transiitted first
TB. the method inclades retransmitting the first TB to the BS based on the UL grant.
Some example embodiments of the method provide that when the TBS of the
5§ UL grant 15 pot the same and is not a next higher TBS value as the TBS of the
transmitted first TB, the method includes transmitting the second TB to the BS based on
the UL grant.
Some example embodiments of the method inclade autonomously selecting a
HARQ process 1D for the grant-free UL transiission, and determining a namber of bis
10 associated with a new data indicator (NDI) inchuded in the UL grant. When the
determined number of NI bits is 2, the method may include pedorming at least one oft
stopping transmission of the first TB using the grant-free UL transmission and
determining whether to transmit a new TB based on a value of a different bit field
included in the UL grant, the UL grant including the HARQ process 1D that is selected
15 by UE, retransmitting the first TB to the BS based on the UL grant, continuing
transmission of the fust TB using the grant-free UL transmission and retransmiiting a
previcus TB scheduled for transmission prior (o the first TB to the BS based on the UL
grant, the UL grant including grant-based UL transmiission scheduding information
using a HARQ process ID selected by the BS, and contineing transinission of the first
20 TB using the grant-free UL transmission and transrailting the second TB to the BS
based on the UL grant,
Some example embodiments of the method provide that when the determined
nomber of N bits is |, the method includes determining the PDCCH region associated

with the UL grant, and based on the determined PDCCH region and a vahue of the NDI

b2
n

bit, performing at least one of stopping transmission of the first TB using the grant-free
UL transmission and determining whether fo transmit a new TB based on a value of a
different bit field included in the UL grant, the UL grant including the HARQ process
13 that is selected by the URE, retransmitting the first TB to the BS based on the UL
grant, retransmitting the previous T8 to the BS based on the UL grant, and transmitting

30 the second TB to the BS based on the UL grand,
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BRIEF DESCRIPTION OF THE DRAWINGS

The accorpanying drawings, which are incorporated in and constitute a part of
the specification, illostrate ong or more example embodiments and, together with the
description, explain these example embodiments. In the drawings:

5 FIG. 1 illustrates a wireless communication system according to af least one
example embodiment;

FIG. 2A ilustrates a transnussion flow dlagram illustrating an aplink (UL)
grani-free fransmission scenario according to the related arg;

FIG. 2B illustrates another transmission flow diagram illustrating an UL grant-

10 free transmission in another transmission scenario according to the related art;

FIG. 3 is a flowchart illustrating a first method for providing transfer block
indications in UL grant-free {ransmussions according 1o at least one example
entbodiment;

FIG. 4 is a flowchart {lusirating 2 second method for providing transfer block

15 indications in UL grant-free transmissions according o at least one example
ernbodiment;

FIG. 5 15 a flowchari illustrating a third method for providing transfer block

indications in UL grant-free trapsmissions according (o at least ome example

embodiment;
20 FIG. 6 illostrates a trapsmission flow diagram between a user equipment {(UE)

and a hase station {BS) according to at least nne exampie erabodiment; and
FIGL 7 illustrates a second transmission flow diagram between a UE and a BS

according to at least ong example embodiment.

b2
n

DETAILED DESCRIPTION
Various example embodiments will now be described more fully with reference
o the accompanying drawings in which some example embodiments are shown.
Detailed example embodiments are disclosed herein. However, specific

reg

structural and functional details disclosed herein are merely represeniative for purposes

30 of describing the exanmple embodiments. The embodiments may, however, may be
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embodied o many aliernate forms and should not be construed as Hinited (o only the
example embodiments set forth herein.

It will be understond that, although the terms first, second, etc. may be used
herein to describe varioes elements, these elements should not be limited by these

5 terms. These terms are only ased to distinguish one element from another. For example,

a first element could be termed a second element, and, similarly, a second elerment could
be termed a first clement, without departing from the scope of example embodiments of
the present invention. As used herein, the term “and/or,” includes any and ali
combinations of one or more of the associated Hsted nems.

10 b will be understood that when an element is referred 1o as being “connected,”
or “coupled,” 10 another element, i can be directly connected or coupled to the other
element or intervening elements may be present.  In contrast, when an element is
referred 10 as being “directly connected,” or “directly coupled,” to another element,
there are go tndervening clements present. Other words used 1o describe the wiationship

15 between clements should be interpreted in a lke fashion {e.g., “between,” versus
“diractly between,” “adjacent,” versus “direcily adjacent.” etc.).

The terminclogy used herein is for the purpose of describing parficular
emmbodirnents only and 1s not intended to be limiting of exanuple embodiments of the
invention. As used herein, the singular forms “a,” “an,” and “the,” are intended o

20 inclode the plural forms as well, onless the context clearly indicates otherwise. It will

2

be further voderstood that the terms “comprises,” “comprising,” “includes,” andfor
“inchuding,” when used herein, specify the presence of stated featares, infegers, steps,
operations, elements, andfor components, but do not preclude the presence or addition

of one or more other features, integers, sieps, operations, elements, components, and/or

b2
n

groups thereof.

It should also be noted that in some altemative implementations, the
functions/acts noted may occur out of the order noted in the figures. For example, two
figures shown in succession may in fact be executed substantially concurrently or may
sometimes be execuled in the reverse order, depending upon the functionalitv/acts

33 involved.
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Specitic details are provided in the following description to provide a thorough
understanding of the example embodiments. However, 1t will be saderstood by one of
ordinary skill in the art that example embodiments may be practiced without these
specific details. For example, systems raay be shown 1o block diagrams in order not to

5 obscure the example embodiments in unnecessary detail.  In other instances, well-
known processes, structores and technigues may be shown withoot annecessary detatl in
order to avord obscuring exampie embodiments.

Also, it is noted that exampie embodiments may be described as a process
depicted as a flowchart, a flow dagram, a data flow diagram, a structare diagram, or a

10 block diagram. Although a flowchart may describe the operations as a sequential
process, many of the operations may be performed in parallel, concurrently or
simultaneously. In addition, the order of the operations may be re-arranged. A process
may be terminated when its operations are completed, but may also have additional
steps not included i the figure. A process may carrespond to a method, a function, a

15 procedure, a subrowtine, a subprogram, ete. When a process corresponds o a function,
s termination may correspond to a return of the function to the calling fuanction or the
main function.

Moreover, as disclosed herein, the term “memory” may represent one or more
devices for storing data, including random access memory (RAM). magnetic RAM, core

20 memory, and/or other machine readable medivms for storing information. The term
“storage medinm” may represent one or more devices for storing data, including read
only memory (ROM), random access memory (BAM), magnetic RAM, core memory,

.

magnetic disk storage mediums, optical storage medinms, flash memory devices and/or

13

other machine readable mediums for storing informaton. The term “computer-readable

%

b2
n

medium”™ may include, but is not imited to, portable or fixed storage devices, optical

storage devices, wireless channels, and various other mediums capable of storing,
containing or carrying instruction{s) and/or data.

Furthermore, example embodiments may be implemented by hardware,

software, firmware, middleware, microcode, hardware description languages, or any

30 combination thereof.  When implemented in software, firmware, middleware or

miicrocode, the prograrn code or code segmenis to performo the necessary tasks may be
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stored fn a machine or computer readable mediwm such as a storage medium. A
processor(s) may perform the necessary tasks,
A code segment oy represent 3 procedore, a function, a subprogram, a
program, a routine, a sobroutine, a modele, a software package, a class, or any
5 combination of instructions, data structures, or program slatemenis. A code segment
may be coupled to another code segment or a hardware circuit by passing andfor
receiving information, data, argurnents, parameters, or memory contents. Information,
argaments, parameters, data, etc. may be passed, forwarded, or transmitted via any
saitable means including memory sharing. message passing, token passing, network
10 transmission, etc.

Hxample embodiments are discussed herein as being implemented in a suitable
computing environment. Although not required, example embodiments will be
described in the general context of computer-executable instructions, such as program
modules or functional processes, being executed by one or more compuier processors or

15 CPUs. Generally, program modules or functional processes include routines, programs,
objects, componends, data structures, eic. that performs particular tasks or implemend
particolar data types. The program modules and functional processes discussed hewin
may be implemented using existing hardware 1n existing copununication networks. For
example, program modules and fosctional processes discossed hersin may be

20 tmplementad osing existing bardware at existing petwork elements or control nodes.
Such existing hardware may include one or more digital signal processors (DSPs),
application-specific-integrated-circuits, field programmable gate arrays (FPGAs)
cornputers or the like.

Various example embodiments will be discussed with reference to the upcoming

b2
n

3rd Generation Partnership Project (3GPP) 3% Generation (5G) protocol, however, the
example embodiments are not limited thereto. For example, the example embodiments
may be utifized in conjunction with Radio Access Networks (RANs) such as: Universal
Mobile Telecompumications  System  (UMTS); Global Systern for Mobile
communications {GSM), Advance Mobhile Phone Service (AMPS) system; the
30 Nagowband AMPS system (NAMPS), the Total Access Communications System

{TALS); the Personal Digital Celiular (PDC) system; the United States Digital Cellula
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{(USDC) systern: the code division multiple access (COMA)} system described in
EIASTIA 1S-95; a High Rate Packet Data (HRPEY) systern. Wonldwide Interoperability
for Microwave Access (WiMAX), Ultra Mohile Broadband (UMB); 3GPP LTE, 3GPP
3G (3% Generation); etc.

3 At least one example embodiment refers to a new scenario n 3G NR where
grant-free  and  grant-based transmissions may occwr at the same thme, ie,
simultaneously, for a single, individual user equipment (UE)  The related,
corresponding, new data indicator (NDI) scheduling indication from the base station
(B85} is then not just for a grant-free or just for a grant-based UL transmission, but may

10 be a scheduling indication for mixed affic. According to at least some example

embodiments, a shared HARQ process is proposed for both types of transmissions {(e.g.,

grant-free and grant-based UL transmissions) and 2-bit NDIs may be used {o indicate
the fransmission types. Thus, a redefinition and new extension of NDI is proposed to
enable flextble and mixed case usage sceparios in 5G, e.g., when there are both

1§ enhanced Mobile Broadband (eMBB) and URLLC data to be transmitied at the same

time from one UE.

FIG. | iilustrates a wireless communication system, according (o af least one
examnple embodiment. As shown in FIG. 1, a comnnumication system 110 inclodes user
equipment {UEg) 102, 104, and 106, hase stations (BSs) 120 and 122, as well as the

20 getwork gateway 126. The UEs 102, 104, and 106, and the BSs 120 and 122 may be

connected over a wireless network, such as a cellular wireless acoess network (2.g, a
3G wireless access network, 3 4G-Long Term Evolotion (LTE) setwork, a next
generation (e.g., M3} wireless network, etc.}, a Wikl network, a WiMAX network, ete,

The B&s 120 and 122 may connect to the network gateway 126 over a wired andéor

25 wireless network,

EHach of the UHs 102, 104, and 106 may be any one of, but pot limited fo, a
mobile device, a tablet, a laptop computer, a desk top computer andfor any other type of
stationary or portable device capable of establishing communication via one or more
wireless network to the Internet and/or other devices

34 While FIG. | only illustrates three UEs, 102, 104, and 106, the number of UBs

in the commmunication system 100 i3 not limited thereto and may include any number of
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UEs that are the same or different from the UBs 102, 104, and 106, as describad above,
Additionally, while FKG. | only illastrates two BSs 120 and 122, the number of BSs in
the communication system 100 1s not limtted thereto and may include any nomber of
BSs that are the same or different from the BSs 120 and 122,

5 The communication systemn 100 further includes one or more base stations such
as BSs 120 and 122, The BSs 120 and 122 may operate according (o the underlying
ceflular wireless access technology. For examiple, if the UBs 102, 104, and 106 are 5G-
enabled devices, then the BSs 120 and 122 are g-NodeBs (gNB) or other 5SG-based cell
base stations, however the example embodiments are not imited thereto.

10 bnoat least one example embodiment, the UHs 102, 14, and 106 may

communicate and/or ransmit data to and from the network gateway 126 via the BSs 120
and 122, The network gateway 126 facilitates the communication of Uks 102, 14, 106
and 108 with other devices, entifies, etc., over a back-end network, such as the Intemet,
elc.

i5 While certain components of the home network and the cellular wireless

aetwork are shown as pad of the contmunication system {00, example embodirents are
not limited thereto. Each of the home neiwork and the cellular wireless aceess network
may inchude components other than that shown in FIG. 1, which are necessary andfor
beneficial for operation of the snderlying networks within the commusication system

20 1O, such as access points, switches, routers, nodes, etc.

FIG. 2A illostrates a transmission flow diagram illustrating an uplink (UL)
grant-free transmission scenario according to the related art.  As shown in FIG. 24,
there is illostrated a UE transmission time sl diagram 210 and a BS wansmission tirpe

stot diagram 220, The UE transmission time slot diagram 210 may represent the UL
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transnussions of a UE, such as UBs 102, 104, or 106, and the BS transnussion time slot
diagram 220 may represent the downlink (I3L) transmission of a BS, such as BS 120 or
122, During the UL grant-free transmission, the TT1 period of the UE may be set to be
K repetitions, where K is a natural number. In FIG 2, the T period is set 0 6

repetitions (e.g., slot 211 to slot 216) where each repetition occupies one time slot,

30 however the cxample embodiments are not limited thereto. For example, at slot 211

the UE roay initiate the UL gunt-free transmission of 2 fiest TB or TB#1 {e.g., 2 block

{) 5
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of data stored in a transmission buffer of the UE). Under the UL grant-free transmission
procedure, the UE will repeat the UL grant-free transmission of the first TB uatil the UE
receives an acknowledgament of successtul reception of the TB from the BS, vatil the
number of repetitions of the transmission eqguals the K value, or a UL grant is recetved
5 for the same TB.
However, at slot 221, a4 BS may transmit 3 UL grant to schedole the transmission
or retransmission of a different TB (e.g., & second TB or TB#2) to the UE. Then, the
UE may receive the transmitted UL grant for the second TB while still in the TT1 for
transmitting the first TB {e.g., slot 215). Accordingly, there is # need for a method to
10 analyze the received UL grant and determining which type of TB is being scheduled.
FIG. 28 illustrates another transmission flow diagram illustrating a UL grant-
free transmission in another transmission scenario according to the related art. In FIG.
28, there 1s illustrated a UL transmission time slot diagram 250 and a BS transmission
tme skt diagram 260, As chown in FIG. 2B, a UE traoswmits a UL grani-free TB#
15 using only one repetition, Le., K=1, at slot 251, In this scenario, the UE is configured to
expect a possible Ul-gramt for scheduling the retransmission of TB#1 from the BS
within a predefined time window 270 after the TB transmission {e.g., TB#1}. However,
the BS may transmit to the UE a UL grant response during this same tirne window 270,
the UL grant response providing schedoling for the transmission of a different TB (e.g
20 a TB#2, a second TH, a next TB, eic.) or retransmission of a previously transmitted TB
{e.g., & TB that was transmitted prior to TB#1). Consequently, there 15 a nead for a
method for analyzing the received UL grant and determining the desired type of TB
being scheduled.

FIGs, 3 1o 5 iHusirate varioas methods for analyzing the received UL grant and

25 determining the desived type of TB is being scheduled according to some example
embodiments. The methods lustrated in FiGs. 3, 4, and 3 may be executed as the
operations of any one of the UEs 102, 104, and 106 in conjunction with the other
devices illustrated in FIG. 1. However, it should be noted that any appropriate UE may
operate the method described below.

30 Referring 1o FIG. 3, a method for analyzing the received UL grant and

determining the desired type of TB being scheduled according to at least one example
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embodiment is shown, In operation S301, a UE may transmit a first TB using grant-free

UL transmission as part of a URLLC data packet transmission to at Jeast one BS dwring

a first TTL The TTI may be of a desived time interval and the transmaission of the first

TB esing UL transmission may be repeated op to K times, where K is a natoral nomber

5 and is configurable, before beginning transnussion of the next T8, or second T8, stored

in a wansmission buffer of the UE 1o the next TTE (2.g., 3 second TTI). For example, as

shown in FIG. 2, the K may be set as & TTL but the example embodiments are not

Hited thereto. The TB may include data packets stored in a transmission baffer of the

UE. In some example embodiments, the TB may be a URLLC data packet, an enhanced

10 Mobile Broadband (eMBB) data packet, etc., however the example embodiments are

not limited thereto. Additionally, based on instructions received from the 8BS, the UR

may convert TBs o be mwansmitted from a first data packet type, e.g., URLLC data
packets, to a second data packet type, ¢.g., eMBB data packets.

In opemation 5302, the UE may receive a UL grant response in a physical

15 downlink control channel (PDCCH) region from the at least one BS during the K

repetitions, as ilfustrated in FIG. 2A, or during a predefined time window, as illustrated

in FIG. 2B, In arder to allow the UE to determine which type of TB is befag scheduled,

according to at least one example embodiment, the BS may ase a transport block size

(TBS) 1o indicate the type of TB to be schedoled. Exanmples of the different TB

20 scheduling types include schedeling a grant-free old TB. wherein the previously

transmitted TB {e.g., the first TB} is re-transmitted again using the grant-free

transmission; & grant-based old TB, wherein the current TB or a previously wansmitted

TB (e.g.. the first TB or 3 TB that was transmitted before the first TB), is transmitted

based on the UL grant schediding from the BS: and a grant-based new T8, wherein a
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new TB {e.g., a second TB, or next TB), is to be transmutted to the BS vsing the UL
grant scheduling from the BS. This new T8 may be the same data packet type as the
old T8 {e.g.. if the old TH was a URLLC data packet, the new TB may be a URLLC
data packet, etc.), or the new TB may be converted to a different data packet type {e.g.,
i the old THB was a URLLC data packet, the new T8 may be converted to a eMBB data

30 packet, etc.) basad on an instrustion from the BS included in the UL grant response.
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While three TB scheduling types are Hsted, the exampic embodiments awe not Hmited
thereto and may include additional TB scheduling types may be provided,

According to some exannple embodiments, the BS may select a desired TB

schedoling type from the phurality of TB schedeling types, and then indicate the desired

5 type to the UE using the TBS of the UL grant response. The BS may generate and

transmit @ UL grant response to the UE, and the UE may determine the TB schedoling
type based on the TBS set by the BS to be used for the UL grant transinissions, however
the example embodiments are not limited thereto and the B8 may provide the desired
TB scheduling type using other means, such as the means described in connection with

10 FIGs. 4 and § below,

In operation 8303, the UE may determine the desired T8 scheduling type o use
by analyzing the TBS of the UL grant response and comparing the transport block size
{TBS5) of the UL grant response with the TBS of the initially transmitted first TB.

In operation 8304, if the UL grant response includes ap expliclt or implickt

15 indication that the transport block size (TBS) is the same TBS as the TBS used by the
UE (o trapsmit the grant free UL first TB to the BS, or that the TBS 1o be used is one
size farger than the initial TBS used by the UE to transmit the first TB, then the destred
TB schedoling type is the grant-free old TB scheduling type and the UE will retransiit
the first TB based on the scheduling information in the UL grant.

20 In operation S305, if the UL grant response includes an explicit or implicit
indication that the TBS to be used is not the same TBS as the imtial TBS, or is not the
next sive larger TBS than the initial TBS, then the UE may transmit the second TB to
the BS based on the UL grant scheduding information included in the UL grant

Tesponse.
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In operation 8306, if ne UL grant response was received doring the time siot at
8302, the UE may repeat operations 8301 to 8305 up to the set ¥ times. i the UR has
transnitted the first T8 K dmes, the UE may then transmit the next TB (e.z.. the second
TB) stored in the transmission buffer of the UE during a second TTL

Additionally, according to some example embodiments, if the UE receives the
30 UL grant during a desired (and/for predefined) timing {c.g., a iming window, ¢ic.} or a

pra-contigurad tming window after the transmission of the first TB during the fus
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TTL, the UE may retransmit the fiest TB fo the BS based on the received UL gramd
information, or transimit the second TB to the BS based on the received UL grant
information.
While FIG. 3 illustrates one method of gsing the TBS to indicate the desired TB
5 scheduding type, the example emnbodiments are not limited thereto, and other methods
may be used to indicate the desired TB scheduling tvpe based on the TBI. For
example, other example embodiments may use different desired TBS sizes {e.g., a next
lower TBS size, et} to determine whether the UE is to wansmit the first TB or the
second TB to the BS based on the UL grant scheduling information.
10 Referring 1o FIG. 4, according to at least one example embodiment, the desired
1B scheduling type may be determined based on analysis of a bit and/or bits filled in the
LI grant, e.g., a new data indicator (NIM} value. For example, a standard NDI may b
one bit long. However, in some example embodiments, the NI bif length may be
greater than one bit {e.g., two or more bits). In example embodiments where the NDI
15 bt s at least two bits, the BS may use the NDI bits 1o indicate the desired TB
scheduling type to be used by the UE andfor indicale the status of the previous TB
frapsmission.
In eperation 5401, the UE may autonomously {and/or indepeadently) select a
Hybrid Automatic Repeat Request {(HARGQ) process 1D to be shared between grant-free
20 and grant-hased transmission from the UE to the BE. HARQ is used as an ervor conival
process for correcting error packets transiaitted in the PHY layer between the UE and
the BS. The HARQ process 1D s used to identify the HARQ process beng used by the
UE andfor the BS and to identtfy a transmilted TR,  According 1o some example

embodiments, the HARQ process ID may be served as a payload and transmitted in the
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grant-free TB transmission, and/or could be known by the BS from an traplicit mapping,
e.g., a HARQ process 1D mapped (o a transmission starting slot index.

b operation 54432, the UE may transmit the first TB using the grani-free UL
fransmission to the BS during the first TTL similar to operation 8301, In operation
5403, the UE receives a UL grant response from the 8BS in a FDCCH region. The UL
30 grant response includes the NDI and a seccond HARQ process 1D that has been selected
by the BS.
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At operation S404, the UE will analyze the UL grant response and determine the
number of bits {e.g., the length) in the NDL At operation S405, if the NDI bit length 1s
wo bits long, the UE will determine the value of the NDL
In operation 5306, it the UE determines that the NDI bit valoe s a first valoe
5 {e.g, NDI = “007), the UL will stop transmission of the first TB because the BS has
successfully received the initial grant-free old TB transmuission and indicates that the UE
may stop transmitting the oid T8 (e.g., the first TB). In other words, if the BS transmits
an NPDi having the first value, this i3 an acknowledgement of soccesstul transmission of
the initial grant-free old TB. In this case, the HARQ process (D is ransmitted in the UL
10 grant{e.g., the UL grant response) and the HARQ process 1 s set to be the process [D
that is detected from the gramu"ree old TB or from the implicit mapping. Additionally,
the UE may determine whether the purpose of the UL grant is to acknowledge the
successfully transmission {e.g., detection) of the grant free old T8, or whether the UL
grant is the acknowledgment of the successful iransmission of the grant free old TB
15 while also including a scheduling instruction for a new TB.  According 1o some
exampie embodiments, this may be achieved, for example, by indicating a special
modulation coding scheme (MUS) level in the UL grant (e.g., the MCS level is a desired
value, etc.), whereby the UE will determine that the UL grast is only for
acknowledgement, and otherwise the UL grant will also schedule a new transiaission.
20 In operation S407, if the UE determines that the NDI bit valae 18 a second value
e.g., NI = "017), the UE will retransmit the first TB based on the schedeling
information received from the BY becawse the BS has not detected the grant-free oid
TB. In other words, if the BS transmits an NDI having the second valoe, this is an

instruction from the BS to the UD to {re)ransmit the data included in the previously

25 transmitted grant-free old TB based on the received UL grant scheduling information,
ncluding the HARQ process 1D that was selected by the BS and indicated in the UL
grant scheduling information. In this case, the HARQ process I in the UL grant counld
be a random value, because the BS did not detect the previous grant-free TB
transniission, or could be a HARQ process 1D deduced from the imoplicit mapping.

30 Fa operation $408, if the UE determines that the NDY bit value is a third value

{e.g., NDU =107}, the UE will continue the grant-free UL transmission of the first TB

oy
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to the BS, and will also transmit the previous TB (o.g., the TB scheduled to be
transmitted to the BS prior o the grant-free UL transmission of the first TH) o the BS
based on the received UL grant scheduling information. The grant-based TR of the
previous TB is a grant based old TB and the BS that will use the previcusly allocated
5 HARQ process ID {(e.g., the HARQ process ID allocated by the BS) and the third value
NDI to identify this desired TB scheduling type. In other words, if the BS transmits an
N3 having the third value, this is an instruction to the UB to retransmit the previous
grant based TB identified by the HARQ process 1D in the UL grant.
In operation $409, if the UE determines that the NDI bit value is a fourth value
10 {e.g, NDU="11"), the U will continue the grant-free UL transmission of the first TB
{0 the BN, and will also transpuit a new TB {e.g., a second TH, the next 1B, ete) o the
BS based on the UL grant scheduling information. This second TB is a grant based new
T8 {e.g., not a previously transmitted TB) and the BS will allocate a HARQ process 1D
o idenitfy this TB. In other words, if the BS transmits ag ND having the founh value,
15 this is an instruction 1o the UF 1o transmit a new T8 based on this UL grant, while also
continuing the grant-free transmission of the fust TB. The HARQ process 1D in the
grant identifics the TB. The UE will continue the grant-free old TB wansmission. As
another option, according to some example embodiments, the UE determines whether to
terminate or coptinue the transroission of grant-free old TB based on an explicit
20 indication.
One advantage to using an NDI bit length that s greater than one bit to
determine the desired TB scheduling type is that it allows the same TBS to be used for
mneltiple TB transmissions in the same TTE window.

While varicus NDI valoes have been discussed in connection with Fig. 4, the
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example embodiments are not fimited thereto and other NDI values may be used to
indicate the TB scheduling types andfor additional TB scheduling types.

Referring now o FIG. 3, according 1o at least one example embodiment, the
desired TB scheduling type may be determined based on analysis of the new data NIDI
value and the PDCCH region identified in the UL grant response from the BS. The
30 PDCCH is a channel that is used to carry dowalink controd information (DCY related to

the data being transmitted on the current subframe, and information regarding the
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resources which the UE needs o use for the uplink data transmitied between the UE 1o
the B85, The DCY includes the resource assigmments for the UE that have been assigned
by the BS. In other words, the UL grant is carried by a DCI and tranpsmitted n a
PDCCH region. According to some example embodiments, the BS may deterine the
5 desired TB scheduling type and inform the UE by using a desived PDCCH region and
setting a desired NDI valve.  The PDCCH region s separately configured for
transmiting URLLC and eMBB T8s, and the configuration is cither in the time domain
or in the frequency domain, or in both.
For example, in operation 5501, the UE muay autonomously select & HARQ
10 process 12 for a grant-free UL transmission, similar to operation $401 of FIG. 4. The
UE may autonomously select the HARQ process 1D based on a desired rule {e.g., a
predefined rule, ete.) for grant-free UL transmissions according (o some example
embodiments. In operation 5302, the UE may wansmil the first TB using the grani-free
UL transmission o the B8 during the fisst TTY similar fo operation S402 and 33061, in
15 operation 8503, the UE will receive a UL grant reaponse from the BS in a designated
POCCH region selected by the BS which allows, in part, the UE to determine the
desired TB scheduling type. The UL zrani response will also include an NDI that 4s
selected by the BS to help indicate the desired TB scheduling type.  According to
various example embodiments, the NBI may have a length of one bit.
20 At operation S$304, the UE will analyze the received UL grant response and will
alsos determine the PDCCH region of the UL grant response at operation 3503
At operation S306, if the value of the NDY s a first value {e.g., NDI = 07} and
the PDCCH region is a first region {e.g., PDCCH region 1), the UE will stop

fransinission of the first TB because the 85 has suceessfully received the first T8,
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simifar to operation S406. Also similarly, the HARQ process {D is transmitied in the UL
grant and is set by the BS 1o be the HARQ process £ that was detected from the grant-
free old TH, or from the implicit mapping. Additionally, the UE may determine whether
this UL grant is for acknowledging the successfully transmission {e.g., detection) of the
grant free old TB by the BS, or that the UL grant response also includes the scheduling
30 of 2 new TH wansmission. According to some example embodiments, this may be

achieved, for example, by indicating a special MCS level in the UL grant, which allows

&

‘{?
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the UE to determine whethar this UL grant is just for acknowiedgement, or also
inchides schedule information for a sew tansmission.  However, the example

erabodirnents are not Hmited thereto, and other information/indicators may be included

5 At operaton 8587, if the value of the NDI s a second value {e.g, NDE = “1™)
and the PDCCH region is a second region {e.g., PDCCH region 2), the UE will
determine that the desired TB scheduling type is the grant-free old TB type, and will
retransmit the first TB using the grant-free transmussion, similar to S407.

At operation SS08, if the value of the NDY is the first valee {e.g., NDI = 0"} and

10 the POCCH region is the second region {e.g., PDCCH region 23, the UE will determine

that the desired TB scheduling type is the grant-based old TB fype, and will retransmit
the first TB using the grant-based UL transmission scheduling, similar to S408.

At operation S509, if the value of the NDi is the second value {e.g., NDI = “17)
and the PDCCH region is the first region {e.g., PDCCH wegion 1), the UE will

15 determine that the desived TB scheduling type is the grani-based new TB, and will

mansmit the next TB (e.g.. the second TB) using the grant-based UL transmission
scheduling, similar to operation S409.

While variogs NIM values and PDCCH regions have been discussed in

connection with Fig. §, the example embodiments are not limited thereto and other NDI

20 values andfor PDCCH regions may be uvsed to indicate the TB scheduling types and/or

additional TB scheduling types.

Now referring to FIG. 6, FIG. 6 illasirates a transnussion flow diagram between

a UE device and a BS comresponding to operations $401 to S406 of FIG. 4. FG

ilfustrates a UL wansmission from an example UE o an example BS as element 616G,
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and the DL transmission (e.g., the UL grant response} from the example BS to the
example UR as element 620. In this example, the repetition K value has been set 1o 6
repetitions and the UE has sutonomously selected & HARQ process 1) of 1, however
the example embodiments are not limited thereto and other K and other HAR( process
Hs may be used. As Ulusirated in FIG. 6, at time slot 611, the UE mitintes and/or starts
30 a grant-free UL wansmission of the first TB (e.g., TB#1). At time slot 621, the BS

ansats the UL grand response to the UE, the UL grast response inciuding a ND egual
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to “007, and with the HARQ process 1D of 1. Meanwhile, at time slots 612 o 614, the
UE continues 1o retransmit the grant-free UL wansmission of the first TB because the
UE has not received the UL response from the BS. At time slot 615, the UE receives
the UL grant response transmitted by the BS at time slot 621, Because the UL grant
5 response indicates that the NP i equal to 007, the UE determines that the instracton
from the BS is o stop transmission of the first TB because the BS has successfully
received the inital grant-free old TB transmission of the first TB. Accordingly, because
the UE i3 able to determine that the BS has successfolly received the grant-free UL
transmission before the TT1 window has closed. the UE may transmit the next TB in s
10 transmission buffer, This resolts in improved efficiency, improved latency, and better
utifization of the UE and BS resources.

FIG. 7 illusirates a transmission flow diagram between a UE device and a BS
corresponding to operations S401 10 5403 and 8409 of FIG. 4. Similar to FIG. 6, FIG. 7
tHustrates a UL transmission from an cxanple UE {0 an example BS as element 718,

15 and the DL wansmission {e.g.. the UL grant response) from the example BS to the
exampie UR as clemment 720. At time slot 71, the UE initiates and/or starts a grant-free
UL transmission of the first TB {e.g., TB#1). At time slot 721, the BS transmits the UL
grant response to the UE, the UL grant response including a NDI equal to “017, and
with the BS selected HARQ process I of 3. Meanwhile, at tine slots 712 o 714, the
20 UE continees (o retransipit the grant-free UL transroission of the ficst TH because the
UE has not received the UL response from the BS. At time slot 715, the UE receives
the UL grant response previcasly transmitied by the 8BS at vme slot 721, Because the
UL grant response in this example indicates that the NDI is equal to “017, the UE

determines that the instruction from the 8BS is retransmit the first TB weing the grant-free
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UL ransmission starting at time slot 716 as the start of a new TT window (e.g., second
TTT window). Accordingly, becanse the UE is sble to determine that the BS requires
that the first TB be retransmitted before the first TT window bhas closed, the U may
ensure that the BS receives the transmitted TB. This results in improved reliability,
while also providing improved latency, and better wtilization of the UE and BS

33 resowrces.



WO 2018/183100

10

3
w2

Various example embodimenis are directed fowards the use of non-scheduled
UL grant-free transmissions for 36 URLLC data packets and providing indications for

the desired TB scheduling types for the transmissions. By osing the different TB

during a single scheduled TT window.

As will be appreciated, the methods, systems and apparatuses according o
the examnple embodiments have several advantages. The example embodiments may
provide for redoction in transussion errors, increased reliability, decreased latency
cosis, and/or redoction of unnecessary resource consumpiion related to the UL grant
process,  Additionally, the example embodiments may provide for more efficient link
adaption and resource usage when performing UL grani-{ree transmissions.

This wriiten description uses examples of the subject matter disclosed 1o enable
any person skilled in the art to practice the same, including making and using any
devices or systems and performing aoy incorporated methods. The patentable scope of
the subject matter is defined by the claims, and may include other examples that occur
tor those skilled in the art. Such other examples are intended o be within the scope of

the claims.
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WHAT IS CLAIMED 1S:

I. A User Equipment (UE) device (102, 104, 106) for providing transport block
indications in aphnk (UL) grant-free transmissions {210, 250), the device comprising:
a memory having computer readable instructions stored thereon; and
at least one processor configured to execute the computer readable instructions
to,
transmit a first transport block {TB) to a base station (B5) (120, 122
during a first transmission time interval {TT]) using a grant-free UL transmission,
receive a UL grant {220, 260} from the BS in a physical downlink control
channel (PDCCH) region during a time window,
determaine a target of the UL grant, the target including at least one of the
first TB, a second TB, or a previously transmitted TB, based on the UL grant;
and

tranamit the target of the UL grant to the BS.

2. The UE device of claim 1, wherein the at least one processor is further
configured to,
analyze a transport block size (TBS) of the UL grant and a TBS of the

transnutted first TB.

3. The UE device of claim 2, wherein the at least one processor is further
configured to,
when the TBS of the UL grant is the same or is a next higher TBS value as the

TBS of the transmitted first TB, retransmit the first TB to the BS based on the UL grant.

4. The UE device of claim 2, wherein the at least one processor is further
configured to,

when the TBS of the UL grant is not the same and is not a next higher TBS
value as the TBS of the transnutted first TB, transmit the second TB to the BS based on

the UL grant.

PCT/US2018/023939
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5. The UE device of claim 1, wherein the at least one processor is further
configured to:
autonomously select a HARQ process 1D for the grant-free UL transmission;
and
determiine a number of bits associated with a new data indicator (NDI} included
in the UL grant; and
when the determined number of NI bits s 2,
perform at least one of,
stopping transmission of the first TB using the grant-free UL
transmission and determining whether to transmit a new TB based on a value of
a different bit field included in the UL grant, the UL grant including the HARQ
process ID that is selected by UE,
retransmitting the {irst TB to the BS based on the UL grant,
continuing transmission of the first TB using the grant-free UL
transmission and retransmitting a previous TB scheduled for transmission prior
to the first TB to the BS based on the UL grant, the UL grant including grant-
based UL transmission scheduling information using a HARQ process ID
selected by the BS, and
continuing transmission of the first TB uvsing the grant-free UL
transmission and transmitting the second TB to the BS based on the UL

grant.

6. The UE device of claim 5, wherein when the determined number of NDI bits is
1, the at least one processor is further configured to,
determine the PDCCH region associated with the UL grant; and
based on the determined PDCCH region and a value of the NDI bit, perform at
least one of,
stopping  transmission of the first TB using the grant-free UL

transmission and determining whether to transmit a new 1B based on a value of
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a different bit field included in the UL grant, the UL grant including the HARQ
process 1D that is selected by the UE,
retransmitting the first TB to the BS based on the UL grant,
retransmitting the previous TB to the BS based on the UL grant, and
transmitting the second TB to the BS based on the UL grant.
7. The UE device of claim 1, wherein when results of the determunation indicate
that the second TB is to be transmitted, the at least one processor is configured to
transmit the second TB to the BS based on the UL grant as a URLLC data packet or an
eMBEB data packet.

2. The UE device of claim 1, wherein the at least one processor is further
configured to,

when the UL grant is received in a predefined or a configured timing after the
first TTT of transmitting the first TH,

retransmit the first TB to the BS based on the UL grant; or

transmit the second TB to the BS based on the UL grant.

9. A base station (BS) device (120, 122) for providing transfer block indications in
uplink (UL} grant-free transmissions, the BS device comprising:
a memory having computer readable instractions stored thereon; and
at jeast one processor configured to execute the computer readable instructions
{0,
receive a first transport block (TB) from a User Equipment (UE) (102,
104, 106) during a first transmission dme interval (TTDH using a grani-free UL
fransmission (210, 250),
determine whether to provide a UL tansmission grant to the UE,
transmit a UL grant (220, 260) to the UE in a physical downlink control
channel (PDCCH) region during a time window, the UL grant indicating results of the

determination of the UL transmission grant status, and

PCT/US2018/023939
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receive at least one of the first TB, a second TB, or a previously

transmitted TB from the UE based on the UL transmission grant status.

10. A method for providing transfer block indications in uplink (UL) grant-free
transmissions (210, 250}, the method comprising:

transmitting a first ransport block (TB) to a base station (BS) (120, 122) daring
a first time transmission interval (TTD) using a grant-free UL transmission;

receiving a UL grant (220, 260) from the BS in a physical downlink control
channel (PDCCH) region during a time window, the UL grant indicating whether the
BS grants UL transmission;

determining a target of the UL grant, the target including at least one of the first
TB, a second TB, or a previously transmitted TB based on the UL grant; and

transmitting the target of the UL grant to the BS.
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517

AUTONOMOUSLY SELECT AHARQ PROCESS
ID FOR AGRANT-FREE UL TRANSMISSION,

3

DURING THE FIRST TT1, TRANSMIT THE FIRSTTB
USING THE GRANT-FREE UL TRANSMISSION TO THE BS.

¥

RECEIVE A UL GRANT FROM THE BS INAPDCCH REGION, THE UL GRANT
INCLUDING A NEW DATA INDICATOR {NDI AND A SECOND HARQ PROCESS ID
SELECTED BY THE BS.

¥

ANALYZE THE UL GRANT AND DETERMINE THE NUMBER OF BITS IN THE NDI.

%

IF THE NDIIS TWO BITS LONG, DETERMINE THE VALUE OF THE NDL

¥

IF THE VALUE OF THE NDIS AFIRST VALUE, STOP TRANSMISSION OF THE
FIRST T8 — THE BS HAS SUCCESSFULLY RECEIVED THE GRANT-FREE FIRST 1B

¥

IF THE VALUE OF THE NDIS A SECOND VALUE, RETRANSMIT
THE FIRST TB BASED ON THE RECEIVED UL GRANT,

¥

5408

{1 TB TRANSMITTED PRIOR TO THE FIRST TR} TO THE BS BASED ON THE

IF THE VALUE OF THE NDIIS ATHIRD VALUE, CONTINUE THE CRANTFREE UL

TRANSMISSION OF THE FIRST T8 AND RETRANSMIT A PREVIOUS T8 é%%éﬁﬁ?

SCHEDULING INFORMATION INCLUDED IN THE RECEIVED UL GRANT USING
THE HARG PROCESS ID SELECTED BY THE BS.

¥

IF THE VALUE OF THE NDIS A FOURTH VALUE, CONTINUE THE GRANT-FREE UL
TRANSMISSION OF THE FIRST T8 AND TRANSMIT THE SECOND T8
TO THE BS BASED ON THE RECEIVED UL GRANT.
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AUTONOMOUSLY SELECT AHARQ PROCESS
3501 g i} FOR A GRANT-FREE UL TRANSMISSION.

¥

DURING THE FIRST TT1, TRANSMIT THE FIRST 1B
- Bt USING THE GRANT-FREE UL TRANSMISSION TO THE BS.

L4

RECEIVE A UL GRANT FROM THE BS IN APDCCH REGION,
N THE UL GRANT INCLUDING A NEW DATA INDICATOR (NDI).
5503

¥

ANALYZE THE UL GRANT AND DETERMINE THE
LENGTH IN BITS OF THE NDIIN THE UL GRANT.

¥

IF THE NDIIS 1 BIT LONG, DETERMINE THE
9505 Bl YALUE OF THE ND!AND THE PDCCH REGION.

L

IF THE VALUE OF THE NDIIS AFIRST VALUE AND THE
S508 g PDCCH REGION IS A FIRST REGION, STOP TRANSMISSION OF THE
FIRST TB — THE BS HAS SUCCESSFULLY RECEIVED THE FIRST 1B,

w

Bt {F THE VALUE OF THE NDHIS A SECOND
8507 VALUE AND THE PDCCH REGION IS A SECOND REGION,
RETRANSMIT THE FIRST TB BASED ON THE RECEIVED UL GRANT.

¥

IF THE VALUE OF THE NDI IS THE FIRST VALUE AND THE PDCCH REGION
B IS THE SECOND REGION, RETRANSMITA PREVIQUS TB [E.G,
ATB PRIOR TO THE FIRST T8} TO THE BS BASED ON THE RECEIVED UL GRANT.

¥

IF THE VALUE OF THE NDI IS THE SECONI) VALUE AND THE PDCCH
REGION IS THE FIRST REGION, TRANSMIT THE
ssoo-f | {NEXT)SECOND T8 TO THE BS BASED ON THE RECEIVED UL GRANT.
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