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UL SCHEDULING TIMING WITH SHORT
TTIS IN TDD

RELATED APPLICATIONS

[0001] This application claims the benefit of provisional
patent application Ser. No. 62/374,390, filed Aug. 12, 2016,
the disclosure of which is hereby incorporated herein by
reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to uplink scheduling
timing in a Time Division Duplexing (TDD) system.

BACKGROUND

[0003] In Third Generation Partnership Project (3GPP)
Technical Specification (TS) 36.211, three radio frame struc-
tures are supported. Frame Structure (FS) type 1 (FS 1) is
applicable to Frequency Division Duplexing (FDD) only, FS
type 2 (FS 2) is applicable to Time Division Duplexing
(TDD) only, and FS type 3 (FS 3) is applicable to License
Assisted Access (LAA) secondary cell operation only.
[0004] With FS 2 for TDD, each radio frame of length 10
milliseconds (ms) consists of two half-frames of length 5 ms
each. Each half-frame consists of five Subframes (SFs) of
length 1 ms. Each SF is defined by two slots of length 0.5
ms each. Within each radio frame, a subset of SFs are
reserved for uplink transmissions, and the remaining SFs are
allocated for downlink transmissions, or for special SFs,
where the switch between downlink and uplink occurs.
[0005] As shown in Table 1, copied from 3GPP TS 36.211
V13.0.0, seven different downlink/uplink configurations are
supported for FS 2. Here, “D” denotes a downlink SF, “U”
denotes an uplink SF, and “S” represents a special SF.
Configurations 0, 1, 2, and 6 have 5 ms downlink-to-uplink
switch-point periodicity, where the special SF exists in both
SF 1 and SF 6. Configurations 3, 4, and 5 have 10 ms
downlink-to-uplink switch-point periodicity, with the spe-
cial SF in SF 1 only.

TABLE 1

Downlink/Uplink Configurations

DL/UL DL-to-UL

config-  Switch-point SF number

uration periodicity 0 1 2 3 4 5 6 7 8 9
0 5 ms D 8§ U U U D s U U U
1 5 ms D 8§ U U D D s U U D
2 5 ms D 8§ U D D D s U D D
3 10 ms D 8§ U U U D D D D D
4 10 ms D 8§ U U D D D D D D
5 10 ms D 8§ U D D D D D D D
6 5 ms D § U U U D s U U D

[0006] A special SF is split into three parts: a Downlink

Part of a Special Subframe (DwPTS), GP (Guard Period),
and an Uplink Part of a Special Subframe (UpPTS). The
DwPTS with duration of more than three symbols can be
treated as a normal downlink SF for data transmission.
However, the UpPTS is not used for data transmission due
to the very short duration in the first releases of Long Term
Evolution (LTE). Instead, UpPTS can be used for channel
sounding or random access. In LTE Release 14 the possi-
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bility of using UpPTS for data transmission will be specified
for a specific special SF configuration.

[0007] Typically, the downlink/uplink configuration and
the configuration of the special SF used in a cell are signaled
as part of the system information, which is included in
System Information Block 1 (SIB1) and broadcasted every
80 ms within SF 5.

[0008] Uplink scheduling timing refers to the time relation
between a received uplink grant in downlink SF n and the
uplink transmission in uplink SF n+l.

[0009] In TDD, the value of 1 depends on the downlink/
uplink configuration. For downlink/uplink configurations
1-6, the values of 1 are given in Table 2, copied from Table
8-2 in 3GPP TS 36.213 V13.0.1.

[0010] For downlink/uplink configuration 0, the value of'1
also depends on the Uplink Index (UI) field of the uplink
Downlink Control Information (DCI) transmitted in down-
link SF n:

[0011] If the Most Significant Bit (MSB) (i.e., the
left-most bit) of the Ul is set to 1, the value of 1 is
obtained from Table 2;

[0012] If the Least Significant Bit (LSB) (i.e., the right-
most bit) of the Ul is set to 1, the value of 1 is 7;

[0013] If both the MSB and the LSB of the UI are set
to 1, the value of 1 is 7 and the value obtained from
Table 2.

[0014] Table 3 gives the uplink scheduling timing table
for TDD downlink/uplink configuration 0.

TABLE 2

Uplink Scheduling Timing | for Uplink Retransmissions

TDD DL/UL SF index n

configuration 0 1 2 3 4 5 6 7 8 9

0 4 6 4 6

1 6 4 6 4
2 4 4

3 4 4 4
4 4 4
5 4

6 77 77 5

TABLE 3

Uplink Scheduling Timing 1 for TDD
Downlink/Uplink Configuration 0

UL index  DL/special SF UL timing, |  Scheduled UL SF index
10 0 4 4
1 6 7
5 4 9
6 6 2
01 0 7 7
1 7 8
5 7 2
6 7 3
11 0 4,7 4,7
1 6,7 7,8
5 4,7 9,2
6 6,7 2,3
[0015] Packet data latency is one of the performance

metrics that vendors, operators, and also end-users (via
speed test applications) regularly measure. Latency mea-
surements are done in all phases of a radio access network
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system lifetime, when verifying a new software release or
system component, when deploying a system, and when the
system is in commercial operation.

[0016] Shorter latency than previous generations of 3GPP
Radio Access Technologies (RATs) was one performance
metric that guided the design of LTE. LTE is also now
recognized by the end-users to be a system that provides
faster access to the Internet and lower data latencies than
previous generations of mobile radio technologies.

[0017] Packet data latency is important not only for the
perceived responsiveness of the system; it is also a param-
eter that indirectly influences the throughput of the system.
Hypertext Transfer Protocol (HTTP)/Transmission Control
Protocol (TCP) is the dominating application and transport
layer protocol suite used on the Internet today. According to
HTTP Archive (http://httparchive.org/trends.php), the typi-
cal size of HTTP based transactions over the Internet are in
the range of a few 1 Os of’kilobytes up to 1 megabyte. In this
size range, the TCP slow start period is a significant part of
the total transport period of the packet stream. During TCP
slow start the performance is latency limited. Hence,
improved latency can rather easily be showed to improve the
average throughput for this type of TCP based data trans-
actions.

[0018] Radio resource efficiency could be positively
impacted by latency reductions. Lower packet data latency
could increase the number of transmissions possible within
a certain delay bound; hence, higher Block FError Rate
(BLER) targets could be used for the data transmissions
freeing up radio resources potentially improving the capac-
ity of the system.

[0019] One area to address when it comes to packet
latency reductions is the reduction of transport time of data
and control signaling by addressing the length of a Trans-
mission Time Interval (TTI). In LTE Release 8, a TTI
corresponds to one SF of length 1 ms. One such 1 ms TTI
is constructed by using 14 Orthogonal Frequency Division
Multiplexing (OFDM) or Single Carrier Frequency Division
Multiple Access (SC-FDMA) symbols in the case of normal
cyclic prefix and 12 OFDM or SC-FDMA symbols in the
case of extended cyclic prefix. In LTE Release 13, a study
item was started during 2015 with the goal of specifying
transmissions with shorter TTIs that are much shorter than
the LTE Release 8 TTI. These shorter TTIs are referred to as
short TTIs (sTTIs).

[0020] The sTTI can be decided to have any duration in
time and comprise resources on a number of OFDM or
SC-FDMA symbols within a 1 ms SF. As one example, the
duration of the sTTI may be 0.5 ms, i.e. seven OFDM or
SC-FDMA symbols for the case with normal cyclic prefix.
In that case the short TTI transmission is equivalent to (i.e.,
can be referred to as) a slot transmission. Another example
is a sTTI of only two OFDM or SC-FDMA symbols. In that
case the short TTI transmission is equivalent to a subslot
transmission.

SUMMARY

[0021] Systems and methods for determining and utilizing
an uplink scheduling timing when using short Transmission
Time Intervals (sTTIs) are disclosed. In some embodiments,
a method of operation of a wireless device in a cellular
communications network comprises receiving an uplink
grant in sTTI n; determining, based on a configured uplink/
downlink configuration, an uplink scheduling timing 1; and
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transmitting, in a sTTI n+l, an uplink transmission in accor-
dance with the uplink grant received in the sTTI n. In this
manner, an uplink timing is determined and utilized when
using sTTIs.

[0022] In some embodiments, the uplink scheduling tim-
ing 1is a smallest integer number of sTTIs that is larger than
or equal to a predefined minimum uplink scheduling timing
value such that n+l is an uplink sTTI.

[0023] In some embodiments, the uplink scheduling tim-
ing 1is defined based on a load balancing approach in which
uplink scheduling grants are equally distributed over differ-
ent downlink sTTIs.

[0024] In some embodiments, the uplink grant schedules
multiple uplink sTTIs for the same wireless device. Further,
in some embodiments, the uplink grant comprises an indi-
cation of one or more uplink sTTIs for which the uplink
grant is valid.

[0025] In some embodiments, an Uplink Part of Special
Subframes (UpPTSs) can be used for uplink data transmis-
sion, and determining the uplink scheduling timing 1 com-
prises determining the uplink scheduling timing 1 in such a
manner that the UpPTSs are treated as uplink sTTIs.
[0026] In some embodiments, determining the uplink
scheduling timing 1 comprises determining the uplink sched-
uling timing 1 based on a predefined table that defines values
of'1 for different values of n for the Time Division Duplexing
(TDD) uplink/downlink configuration. Further, in some
embodiments, the predefined table defines the values of 1 for
the different values of n for the TDD uplink/downlink
configuration in such a manner that UpPTSs are treated as
uplink sTTIs. In some other embodiments, the predefined
table defines the values of 1 for the different values of n for
the TDD uplink/downlink configuration in such a manner
that UpPTSs are not treated as uplink sTTIs. In some
embodiments, the predefined table defines the values of 1 for
the different values of n in accordance with a latency
optimization scheme. In some other embodiments, the pre-
defined table defines the values of 1 for the different values
of n in accordance with a load sharing scheme.

[0027] Insome embodiments, the sTTI n and the sTTI n+l
each have a duration of less than 1 millisecond (ms). In some
other embodiments, the sTTI n and the sTTI n+l each have
a duration of less than 0.5 ms.

[0028] Embodiments of a wireless device for a cellular
communications network are also disclosed. In some
embodiments, a wireless device for a cellular communica-
tions network is adapted to receive an uplink grant in sTTI
n; determine, based on a configured uplink/downlink con-
figuration, an uplink scheduling timing 1; and transmit, in a
sTTI n+], an uplink transmission in accordance with the
uplink grant received in the sTTI n.

[0029] In some embodiments, a wireless device for a
cellular communications network comprises at least one
transceiver, at least one processor, and memory comprising
instructions executable by the at least one processor
whereby the wireless device is operable to: receive an uplink
grant in sTTI n; determine, based on a configured uplink/
downlink configuration, an uplink scheduling timing 1; and
transmit, in a sTTI n+l, an uplink transmission in accordance
with the uplink grant received in the sTTI n.

[0030] In some embodiments, a wireless device for a
cellular communications network comprises a receiving
module, a determining module, and a transmitting module.
The receiving module is operable to receive an uplink grant
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in sTTI n. The determining module is operable to determine,
based on a configured uplink/downlink configuration, an
uplink scheduling timing 1. The transmitting module is
operable to transmit, in a sTTI n+l, an uplink transmission
in accordance with the uplink grant received in the sTTI n.
[0031] Embodiments of a method of operation of radio
access node in a cellular communications network are also
disclosed. In some embodiments, a method of operation of
a radio access node in a cellular communications network
comprises transmitting an uplink grant to a wireless device
in a sTT] n and receiving, in a sTTI n+k, an uplink
transmission from the wireless device in accordance with the
uplink grant transmitted to the wireless device in the sTTI n.
[0032] In some embodiments, the uplink scheduling tim-
ing 1is a smallest integer number of sTTIs that is larger than
or equal to a predefined minimum uplink scheduling timing
value such that n+l is an uplink sTTI.

[0033] In some embodiments, the uplink scheduling tim-
ing 1is defined based on a load balancing approach in which
uplink scheduling grants are equally distributed over differ-
ent downlink sTTIs.

[0034] In some embodiments, the uplink grant schedules
multiple uplink sTTIs for the same wireless device. Further,
in some embodiments, the uplink grant comprises an indi-
cation of one or more uplink sTTIs for which the uplink
grant is valid.

[0035] In some embodiments, UpPTSs can be used for
uplink data transmission, and the uplink scheduling timing
1is determined in such a manner that the UpPTSs are treated
as uplink sTTIs. In some other embodiments, the uplink
scheduling timing 1 is determined based on a predefined
table that defines values of 1 for different values of n for the
TDD uplink/downlink configuration. In some embodiments,
the predefined table defines the values of 1 for the different
values of n for the TDD uplink/downlink configuration in
such a manner that UpPTSs are treated as uplink sTTIs. In
some other embodiments, the predefined table defines the
values of 1 for the different values of n for the TDD
uplink/downlink configuration in such a manner that
UpPTSs are not treated as uplink sTTIs. In some embodi-
ments, the predefined table defines the values of 1 for the
different values of n in accordance with a latency optimi-
zation scheme. In some other embodiments, the predefined
table defines the values of 1 for the different values of n in
accordance with a load sharing scheme.

[0036] Insome embodiments, the sTTI n and the sTTI n+l
each have a duration of less than 1 ms. In some other
embodiments, the sTTI n and the sTTI n+l each have a
duration of less than 0.5 ms.

[0037] Embodiments of a radio access node for a cellular
communications network are also disclosed. In some
embodiments, a radio access node for a cellular communi-
cations network is adapted to transmit an uplink grant to a
wireless device in a sTTI n and receive, in a sTTI n+k, an
uplink transmission from the wireless device in accordance
with the uplink grant transmitted to the wireless device in the
sTTI n.

[0038] In some embodiments, a radio access node for a
cellular communications network comprises at least one
transceiver, at least one processor, and memory comprising
instructions executable by the at least one processor
whereby the radio access node is operable to transmit an
uplink grant to a wireless device in a sTTI n and receive, in
a sTTI n+k, an uplink transmission from the wireless device
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in accordance with the uplink grant transmitted to the
wireless device in the sTTI n.

[0039] In some embodiments, a radio access node for a
cellular communications network comprises a transmitting
module operable to transmit an uplink grant to a wireless
device in a sTTI n and a receiving module operable to
receive, in a sTTI n+k, an uplink transmission from the
wireless device in accordance with the uplink grant trans-
mitted to the wireless device in the sTTI n.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The accompanying drawing figures incorporated in
and forming a part of this specification illustrate several
aspects of the disclosure, and together with the description
serve to explain the principles of the disclosure.

[0041] FIG. 1 illustrates one example of a cellular com-
munications network in which embodiments of the present
disclosure may be implemented;

[0042] FIG. 2 illustrates the operation of the radio access
node and the wireless device of FIG. 1 according to some
embodiments of the present disclosure;

[0043] FIGS. 3 and 4 illustrate uplink scheduling timing
for Time Division Duplexing (TDD) configuration 1 accord-
ing to some embodiments of the present disclosure;

[0044] FIGS. 5 and 6 illustrate uplink scheduling timing
for TDD configuration 2 according to some embodiments of
the present disclosure;

[0045] FIGS. 7 and 8 illustrate uplink scheduling timing
for TDD configuration 3 according to some embodiments of
the present disclosure;

[0046] FIGS. 9 and 10 illustrate uplink scheduling timing
for TDD configuration 4 according to some embodiments of
the present disclosure;

[0047] FIGS. 11 and 12 illustrate uplink scheduling timing
for TDD configuration 5 according to some embodiments of
the present disclosure;

[0048] FIGS.13A,13B, 14A, 14B, and 15 illustrate uplink
scheduling timing for TDD configuration 6 according to
some embodiments of the present disclosure;

[0049] FIGS. 16A, 16B, 17A, and 17B illustrate uplink
scheduling timing for TDD configuration 0 according to
some embodiments of the present disclosure;

[0050] FIGS. 18 through 20 illustrate embodiments of a
radio access node; and

[0051] FIGS. 21 and 22 illustrate embodiments of a wire-
less device.

DETAILED DESCRIPTION

[0052] The embodiments set forth below represent infor-
mation to enable those skilled in the art to practice the
embodiments and illustrate the best mode of practicing the
embodiments. Upon reading the following description in
light of the accompanying drawing figures, those skilled in
the art will understand the concepts of the disclosure and
will recognize applications of these concepts not particularly
addressed herein. It should be understood that these con-
cepts and applications fall within the scope of the disclosure
and the accompanying claims.

[0053] Radio Node: As used herein, a “radio node” is
either a radio access node or a wireless device.

[0054] Radio Access Node: As used herein, a “radio
access node” is any node in a radio access network of a
cellular communications network that operates to wirelessly



US 2019/0174354 Al

transmit and/or receive signals. Some examples of a radio
access node include, but are not limited to, a base station
(e.g., an enhanced or evolved Node B (eNB) in a Third
Generation Partnership Project (3GPP) Long Term Evolu-
tion (LTE) network), a high-power or macro base station, a
low-power base station (e.g., a micro base station, a pico
base station, a home eNB, or the like), and a relay node.

[0055] Core Network Node: As used herein, a “core net-
work node” is any type of node in a Core Network (CN).
Some examples of a core network node include, e.g., a
Mobility Management Entity (MME), a Packet Data Net-
work (PDN) Gateway (P-GW), a Service Capability Expo-
sure Function (SCEF), or the like.

[0056] Wireless Device: As used herein, a “wireless
device” is any type of device that has access to (i.e., is served
by) a cellular communications network by wirelessly trans-
mitting and/or receiving signals to a radio access node(s).
Some examples of a wireless device include, but are not
limited to, a User Equipment device (UE) in a 3GPP network
and a Machine Type Communication (MTC) device.

[0057] Network Node: As used herein, a “network node”
is any node that is either part of the radio access network or
the CN of a cellular communications network/system.

[0058] Note that the description given herein focuses on a
3GPP cellular communications system and, as such, 3GPP
LTE terminology or terminology similar to 3GPP LTE
terminology is oftentimes used. However, the concepts
disclosed herein are not limited to LTE or a 3GPP system.

[0059] Note that, in the description herein, reference may
be made to the term “cell;” however, particularly with
respect to Fifth Generation (5G) concepts, beams may be
used instead of cells and, as such, it is important to note that
the concepts described herein are equally applicable to both
cells and beams.

[0060] In LTE Release 8, a Transmission Time Interval
(TTT) corresponds to one Subframe (SF) of length 1 milli-
second (ms). One such 1 ms TTI is constructed by using
fourteen Orthogonal Frequency Division Multiplexing
(OFDM) or Single Carrier Frequency Division Multiple
Access (SC-FDMA) symbols in the case of normal cyclic
prefix and 12 OFDM or SC-FDMA symbols in the case of
extended cyclic prefix. In LTE Release 13, a study item was
started in 2015 with the goal of specifying transmissions
with shorter TTIs that are much shorter than the LTE Release
8 TTI. These shorter TTIs are referred to as short TTIs
(sTTIs).

[0061] The sTTI can be decided to have any duration in
time and comprise resources on a number of OFDM or
SC-FDMA symbols within a 1 ms SF. As one example, the
duration of the sTTI may be 0.5 ms, i.e. seven OFDM or
SC-FDMA symbols for the case with normal cyclic prefix.
Another example is a sTTI of only two OFDM or SC-FDMA
symbols.

[0062] By shortening the TTI length, the time between
receiving an uplink grant and the uplink transmission can
also be reduced. Moreover, by introducing sTTI to the
Uplink Part of a Special Subframe (UpPTS) of the existing
special SFs, it becomes possible to transmit short Physical
Uplink Shared Channel (sPUSCH) within the special SFs.
Therefore, a new uplink scheduling timing table needs to be
defined for Time Division Duplexing (TDD) with shortened
TTL
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[0063] Two different methods, i.e., latency optimized and
load balancing, are proposed for the design of a new uplink
scheduling-timing table for supporting sTTI operations in
TDD.

[0064] For the latency optimized approach, the uplink
scheduling grant sent in sTTI n is valid for sTTI n+l, where
1 is the smallest value larger than or equal to a predefined
minimum timing such that n+l is an uplink sTTI.

[0065] For the load balancing approach, the uplink sched-
uling assignments are equally distributed over different
downlink sTTIs.

[0066] Methods for designing uplink scheduling timing
with uplink data transmission on UpPTS are proposed.
[0067] The proposed solution provides a new uplink
scheduling timing table to enable sTTI transmissions in
TDD. The latency optimized solution can offer the largest
latency reduction gain. On the other hand, the load balancing
based solution can simplify the Hybrid Automatic Repeat
Request (HARQ) and control design, with reduced control
signaling overhead.

[0068] FIG. 1 illustrates one example of a cellular com-
munications network 10 in which embodiments of the
present disclosure may be implemented. As illustrated, the
cellular communications network 10 includes a radio access
node 12 (e.g., a base station or eNB) and a wireless device
14. In the embodiments described herein, the radio access
node 12 and the wireless device 14 operate according to a
TDD scheme in which some SFs are downlink SFs, some
SFs are uplink SFs, and some SFs are special SFs. Embodi-
ments of the present disclosure relate to uplink scheduling
timing for sTTI operations in TDD.

[0069] Two different methods, i.e., latency optimized and
load balancing, are proposed for the design of a new uplink
scheduling-timing table for supporting sTTI operations in
TDD.

[0070] It is further understood that the timing designs can
be extended to support Carrier Aggregation (CA) with both
Frequency Division Duplexing (FDD) and TDD carriers,
among different TDD carriers and also among Frame Struc-
ture (FS) type 3 (FS3) carriers and TDD carriers. The timing
relations that will be used are formed from the design
provided in the present disclosure and extends the CA
design.

[0071] In one embodiment, the timing relations are
designed based on the latency optimized approach; that is,
the uplink scheduling grant sent in sTTI n is valid for sTTI
n+l, where 1 is the smallest value larger than or equal to a
predefined minimum timing such that n+l is an uplink sTTI.
[0072] In another embodiment, the timing relations are
designed based on the load balancing approach; that is, the
uplink scheduling assignments are equally distributed over
different downlink sTTIs.

[0073] In one embodiment, the timing relations for differ-
ent downlink/uplink configurations are designed based on
different approaches, i.e., some downlink/uplink configura-
tions are designed based on the latency optimization
approach, while the other downlink/uplink configurations
are designed based on the load balancing approach.

[0074] In one embodiment, if multiple uplink sTTIs need
to be scheduled in one downlink sTTI, then the same UE is
scheduled on all these uplink sTTIs based on the same
uplink Downlink Control Information (DCI), such that only
one uplink scheduling grant needs to be sent from the
downlink sTTI.



US 2019/0174354 Al

[0075] In another embodiment, if multiple uplink sTTIs
need to be scheduled in one downlink sTTI, then a field in
the uplink DCI, e.g., an Uplink Index (UI) field, is used to
signal for which uplink sTTI(s) the grant is valid. If a load
balancing approach is adopted to spread out the uplink
grants, the number of bits in the uplink field can be limited,
e.g. to 2 bits.

[0076] In one embodiment, UpPTS of the special SFs can
be used for uplink data transmission, and the uplink sched-
uling timing for all uplink sTTI transmissions are designed
based on either the latency optimized approach or the load
balancing approach, by treating UpPTS as an uplink sTTI,
i.e., by taking the scheduling of uplink data transmission in
UpPTS into account.

[0077] In another embodiment, UpPTS of the special SFs
can be used for uplink data transmission, and the uplink
scheduling timing for all uplink sTTI transmissions within
legacy uplink SFs are firstly designed based on either the
latency optimized approach or the load balancing approach,
by not taking scheduling of data transmission in UpPTS into
account; then, the uplink scheduling timing for data trans-
mission in sTTI(s), which consist(s) of UpPTS, is added on
top of the latency optimized approach or the load balancing
approach.

[0078] In this regard, FIG. 2 illustrates the operation of the
radio access node 12 and the wireless device 14 according
to some embodiments of the present disclosure. As illus-
trated, the radio access node 12 transmits (e.g., broadcasts)
an uplink/downlink (UL/DL) configuration (step 100). At
some point, the radio access node 12 transmits an uplink
grant to the wireless device 14 in sTTI n (step 102). Based
on the uplink/downlink configuration and the value of n, the
wireless device 14 determines an uplink timing 1 for trans-
mitting an uplink transmission to the radio access node 12 in
accordance with the uplink grant (step 104). As described
herein, the uplink timing 1 is an integer value larger than or
equal to a predefined minimum timing such that sTTI n+l is
an uplink sTTI. In some embodiments, the predefined mini-
mum timing is 2. In some other embodiments, the predefined
minimum timing is 3. In some other embodiments, the
predefined minimum timing is 4. However, 2, 3, or 4 are
only examples for the predefined minimum timing.

[0079] As described herein, in some embodiments, the
UpPTS can be used for uplink data transmission, and the
wireless device 14 determines the uplink scheduling timing
1 in such a manner that the UpPTSs are treated as uplink
TTIs. As also described herein, in some other embodiments,
the UpPTS cannot be used for uplink data transmission, and
the wireless device 14 determines the uplink scheduling
timing 1 in such a manner that the UpPTSs are not treated as
uplink TTTs.

[0080] As discussed herein, in some embodiments, the
wireless device 14 determines the uplink timing 1 based on
predefined tables (e.g., tables specified in a standard). As an
example, the uplink timing 1 may be determined using the
tables defined below. In some embodiments, the uplink
timing 1 is defined in accordance with a latency optimization
approach. In the latency optimized approach, the uplink
timing 1 is the smallest value larger than or equal to a
predefined minimum timing such that sTTI n+1 is an uplink
sTTI. In other embodiments, the uplink timing 1is defined in
accordance with a load balancing approach. Notably, as
discussed above, in some embodiments, if multiple uplink
sTTIs need to be scheduled in one downlink sTTI, then the
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same wireless device 14 is scheduled on all of these uplink
sTTIs, e.g., based on the same uplink DCI such that only one
uplink scheduling grant is sent in the downlink sTTI. In
other embodiments, if multiple uplink sTTIs need to be
scheduled in one downlink sTTI, then a field in the uplink
DCI, e.g., a Ul field, is used to signal for which uplink
sTTI(s) the grant is valid. If a load balancing approach is
adopted to spread out the uplink grants, it can done so to
consider to limit the number of bits in the uplink field, e.g.
to 2 bits. Further, in some embodiments, the uplink timing
1 is determined (e.g., the predefined tables are defined) such
that the UpPTS of the special SFs are treated as uplink
sTTIs. In other embodiments, UpPTS of the special SFs can
be used for uplink data transmission, and the uplink sched-
uling timing 1 for all uplink sTTI transmissions within
legacy uplink SFs are firstly designed based on either the
latency optimized approach or the load balancing approach
by not taking scheduling of data transmission in UpPTS into
account; then, the uplink scheduling timing for data trans-
mission in sTTI(s), which consist(s) of UpPTS, is added on
top of the latency optimized approach or the load balancing
approach. In a similar manner, the radio access node 12
knows the uplink timing 1 such that the radio access node 12
knows when to expect the respective uplink transmission
from the wireless device 14. The wireless device 14 trans-
mits, and the radio access node 12 receives, the uplink
transmission in sTTI n+1 (step 106).

[0081] In the following, some examples on how to form
the uplink scheduling table for 7-symbol TTI, i.e., slot-based
sTTI, in TDD are given. Note that the same methodology
applies for other lengths of sTTI. Here, the minimum timing
for uplink scheduling is assumed to be four times of the sTTI
length.

[0082] FIG. 3 and FIG. 4 illustrate the uplink scheduling
timing for seven-symbol sTTI in TDD uplink scheduling
timing for TDD downlink/uplink configuration 1 for the
cases of without and with uplink data transmission on
UpPTS, respectively.

[0083] For both cases, there are multiple uplink sTTTs that
are associated to a single downlink sTTI when using the
latency optimized approach. For example, based on the
latency optimized approach, the scheduling grants related to
uplink sTTI 6 and sTTI 7 are both sent from the downlink
sTTI 2. This can be done by adding a few bits in the uplink
DCI to indicate the scheduled sTTI(s). Another way of
handling this multi-uplink sTTI scheduling issue is to
restrict that the same wireless device 14 is scheduled for all
these uplink sTTIs by using the same uplink DCI signaled
from the downlink sTTI.

[0084] It is also observed that, for TDD downlink/uplink
configuration 1, adding scheduling grants for data transmis-
sion on UpPTS does not affect the scheduling timing for the
other uplink sTTTs if the same design approach, i.e., latency
optimized or load balancing, is adopted.

[0085] FIG. 5 and FIG. 6 illustrate the uplink scheduling
timing for seven-symbol sTTI in TDD uplink scheduling
timing for TDD downlink/uplink configuration 2 for the
cases of without and with uplink data transmission on
UpPTS, respectively. The latency optimized approach and
the load balancing approach give the same solution of uplink
scheduling timing.
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[0086] It can be seen that, for TDD downlink/uplink
configuration 2, adding scheduling grants for data transmis-
sion on UpPTS does not affect the scheduling timing for the
other uplink sTTIs.

[0087] FIG. 7 and FIG. 8 illustrate the uplink scheduling
timing for seven-symbol sTTI in TDD uplink scheduling
timing for TDD downlink/uplink configuration 3 for the
cases of without and with uplink data transmission on
UpPTS, respectively.

[0088] For the latency optimized approach, there are four
uplink sTTIs associated with downlink sTTI 2. To handle
this multi-uplink sTTI scheduling issue, the methods dis-
cussed above can be used.

[0089] We see that, for TDD downlink/uplink configura-
tion 3, adding scheduling grants for data transmission on
UpPTS does not affect the scheduling timing for the other
uplink sTTIs if the same design approach, i.e., latency
optimized or load balancing, is adopted.

[0090] FIG. 9 and FIG. 10 illustrate the uplink scheduling
timing for seven-symbol sTTI in TDD uplink scheduling
timing for TDD downlink/uplink configuration 4 for the
cases of without and with uplink data transmission on
UpPTS, respectively.

[0091] For the latency optimized approach, there are two
uplink sTTIs associated with downlink sTTI 2. To handle
this multi-uplink sTTI scheduling issue, the methods dis-
cussed above can be used.

[0092] We see that, for TDD downlink/uplink configura-
tion 4, adding scheduling grants for data transmission on
UpPTS does not affect the scheduling timing for the other
uplink sTTIs if the same design approach, i.e., latency
optimized or load balancing, is adopted.

[0093] FIG. 11 and FIG. 12 illustrate the uplink scheduling
timing for seven-symbol sTTI in TDD uplink scheduling
timing for TDD downlink/uplink configuration 5 for the
cases of without and with uplink data transmission on
UpPTS, respectively. It can be seen that, for TDD downlink/
uplink configuration 5, adding scheduling grants for data
transmission on UpPTS does not affect the scheduling
timing for the other uplink sTTIs.

[0094] FIGS. 13A and 13B illustrate the uplink scheduling
timing for seven-symbol sTTI in TDD uplink scheduling
timing for TDD downlink/uplink configuration 6 for the
cases of no uplink data transmission on UpPTS.

[0095] Similar to configuration 3, with the latency opti-
mized approach, there are four uplink sTTIs associated to
downlink sTTI 2, and two uplink sTTIs associated to down-
link sTTI 12. To handle this multi-uplink sTTI scheduling
issue, the methods discussed above can be used.

[0096] Even with the load balancing method, for uplink/
downlink configuration 6, where the number of downlink
sTTIs is smaller than that of uplink sTTIs, the number of
uplink sTTIs associated to a certain downlink sTTI can be
larger than one. The methods discussed above for handling
this multi-uplink sTTI scheduling issue can also be used
here. Option 1 shown in FIG. 13 is based on the restricted
scheduling method, where the multiple uplink sTTIs asso-
ciated to the same downlink sTTT are scheduled to the same
wireless device 14 by using the same uplink DCI. To enable
better scheduling flexibility, Option 2 shown in FIG. 13A
gives an example on how to use two bits signaling to
indicate the scheduled uplink sTTIL.

[0097] By treating UpPTS as an uplink sTTI and using the
same methodology, FIGS. 14A and 14B illustrate the uplink
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scheduling timing for TDD downlink/uplink configuration
6, for the cases of allowing uplink data transmission on
UpPTS. It can be seen that, for TDD downlink/uplink
configuration 6, adding scheduling grants for data transmis-
sion on UpPTS will affect the scheduling timing for other
uplink sTTIs, if load balancing approach is used for the
design.

[0098] Another way of designing the uplink scheduling
timing when allowing for uplink data transmission on
UpPTS is to keep the scheduling timing for all the other
uplink sTTIs unchanged, and then, on top of it, add new
timing relations for UpPTS. FIG. 15 gives an example for
adding uplink scheduling timing relations for UpPTS, based
on the timing designed in FIGS. 13A and 13B.

[0099] Similar to the design for configuration 6, FIGS.
16A and 16B and FIGS. 17A and 17B illustrate the uplink
scheduling timing for seven-symbol sTTI in TDD uplink
scheduling timing for TDD downlink/uplink configuration 0
for the cases of without and with uplink data transmission on
UpPTS, respectively.

[0100] For the example of load balancing approach (op-
tion 2) shown in FIG. 17A, two bits are used to signal the
scheduled sTTI(s). Based on this example, some uplink
sTTIs cannot be scheduled individually. For example, uplink
sTTI 9 and sTTI 13 must be scheduled together. If individual
scheduling flexibility is required, more bits need to be added
to the control signaling.

[0101] It can be seen that, for TDD downlink/uplink
configuration 6, adding scheduling grants for data transmis-
sion on UpPTS does not affect the scheduling timing for the
other uplink sTTIs. However, the control signaling mapping,
i.e., the Ul mapping, needs to be modified.

[0102] Uplink scheduling timing for different downlink/
uplink configurations shown above can be summarized into
tables. Note that, for all examples shown in this section, the
minimum uplink scheduling timing is assumed to be four
times of the sTTI length. The tables will look different when
the minimum scheduling time is different. However, the
same methodology can be used for the design of uplink
scheduling timing.

[0103] The new table can be obtained by using the same
design approach, i.e., either latency optimized or load bal-
ancing based, for all downlink/uplink configurations. A new
table can also be created by using different design
approaches for different downlink/uplink configurations.
[0104] For the cases where multiple uplink sTTIs are
associated to a downlink sTTI, if a field in uplink DCI is
used to indicate the scheduled sTTI(s), a mapping relation
between the values of this field and the values of scheduling
timing should also be given.

[0105] Two different methods, i.e., latency optimized and
load balancing, are proposed for the design of a new uplink
scheduling-timing table for supporting short TTI operations
in TDD.

[0106] FIG. 18 is a schematic block diagram of the radio
access node 12 according to some embodiments of the
present disclosure. As illustrated, the radio access node 12
includes a control system 16 that includes one or more
processors 18 (e.g., Central Processing Units (CPUs), Appli-
cation Specific Integrated Circuits (ASICs), Field Program-
mable Gate Arrays (FPGAs), and/or the like), memory 20,
and a network interface 22. In addition, the radio access
node 12 includes one or more radio units 24 that each
includes one or more transmitters 26 and one or more
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receivers 28 coupled to one or more antennas 30. In some
embodiments, the radio unit(s) 24 is external to the control
system 16 and connected to the control system 16 via, e.g.,
a wired connection (e.g., an optical cable). However, in
some other embodiments, the radio unit(s) 24 and poten-
tially the antenna(s) 30 are integrated together with the
control system 16. The one or more processors 18 operate to
provide one or more functions of a radio access node 12 as
described herein. In some embodiments, the function(s) are
implemented in software that is stored, e.g., in the memory
20 and executed by the one or more processors 18.

[0107] FIG. 19 is a schematic block diagram that illus-
trates a virtualized embodiment of the radio access node 12
according to some embodiments of the present disclosure.
This discussion is equally applicable to other types of
network nodes. Further, other types of network nodes may
have similar virtualized architectures.

[0108] As used herein, a “virtualized” radio access node
12 is an implementation of the radio access node 12 in which
at least a portion of the functionality of the radio access node
12 is implemented as a virtual component(s) (e.g., via a
virtual machine(s) executing on a physical processing node
(s) in a network(s)). As illustrated, in this example, the radio
access node 12 includes the control system 16 (optional) that
includes the one or more processors 18 (e.g., CPUs, ASICs,
FPGAs, and/or the like), the memory 20, and the network
interface 22 and the one or more radio units 24 that each
includes the one or more transmitters 26 and the one or more
receivers 28 coupled to the one or more antennas 30, as
described above. The control system 16 is connected to the
radio unit(s) 24 via, for example, an optical cable or the like.
The control system 16 is connected to one or more process-
ing nodes 32 coupled to or included as part of a network(s)
34 via the network interface 22. Each processing node 32
includes one or more processors 36 (e.g., CPUs, ASICs,
FPGAs, and/or the like), memory 38, and a network inter-
face 40.

[0109] In this example, functions 42 of the radio access
node 12 described herein are implemented at the one or more
processing nodes 32 or distributed across the control system
16 and the one or more processing nodes 32 in any desired
manner. In some particular embodiments, some or all of the
functions 42 of the radio access node 12 described herein are
implemented as virtual components executed by one or more
virtual machines implemented in a virtual environment(s)
hosted by the processing node(s) 32. As will be appreciated
by one of ordinary skill in the art, additional signaling or
communication between the processing node(s) 32 and the
control system 16 is used in order to carry out at least some
of the desired functions 42. Notably, in some embodiments,
the control system 16 may not be included, in which case the
radio unit(s) 24 communicate directly with the processing
node(s) 32 via an appropriate network interface(s).

[0110] In some embodiments, a computer program includ-
ing instructions which, when executed by at least one
processor, causes the at least one processor to carry out the
functionality of a radio access node 12 or a node (e.g., a
processing node 32) implementing one or more of the
functions 42 of the radio access node 12 in a virtual
environment according to any of the embodiments described
herein is provided. In some embodiments, a carrier com-
prising the aforementioned computer program product is
provided. The carrier is one of an electronic signal, an
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optical signal, a radio signal, or a computer readable storage
medium (e.g., a non-transitory computer readable medium
such as memory).

[0111] FIG. 20 is a schematic block diagram of the radio
access node 12 according to some other embodiments of the
present disclosure. The radio access node 12 includes one or
more modules 44, each of which is implemented in software.
The module(s) 44 provide the functionality of the radio
access node 12 described herein. This discussion is equally
applicable to the processing node 32 of FIG. 18 where the
modules 44 may be implemented at one of the processing
nodes 32 or distributed across multiple processing nodes 32
and/or distributed across the processing node(s) 32 and the
control system 16.

[0112] FIG. 21 is a schematic block diagram of a wireless
device 14 according to some embodiments of the present
disclosure. As illustrated, the wireless device 14 includes
one or more processors 46 (e.g., CPUs, ASICs, FPGAs,
and/or the like), memory 48, and one or more transceivers 50
each including one or more transmitters 52 and one or more
receivers 54 coupled to one or more antennas 56. In some
embodiments, the functionality of the wireless device 14
described above may be fully or partially implemented in
software that is, e.g., stored in the memory 48 and executed
by the processor(s) 46.

[0113] In some embodiments, a computer program includ-
ing instructions which, when executed by at least one
processor, causes the at least one processor to carry out the
functionality of the wireless device 14 according to any of
the embodiments described herein is provided. In some
embodiments, a carrier comprising the aforementioned com-
puter program product is provided. The carrier is one of an
electronic signal, an optical signal, a radio signal, or a
computer readable storage medium (e.g., a non-transitory
computer readable medium such as memory).

[0114] FIG. 22 is a schematic block diagram of the wire-
less device 14 according to some other embodiments of the
present disclosure. The wireless device 14 includes one or
more modules 58, each of which is implemented in software.
The module(s) 58 provide the functionality of the wireless
device 14 described herein.

[0115] While not being limited thereto, some example
embodiments of the present disclosure are provided below.

Embodiment 1

[0116] A method of operation of a wireless device (14) in
a cellular communications network (10), comprising: receiv-
ing (102) an uplink grant in sTTI n; determining (104),
based on a configured uplink/downlink configuration, an
uplink scheduling timing 1; and transmitting (106), in a sTTI
n+l, an uplink transmission in accordance with the uplink
grant received in the sTTI n.

Embodiment 2

[0117] The method of embodiment 1 wherein the uplink
scheduling timing 1 is a smallest integer number of sTTIs
that is larger than or equal to a predefined minimum uplink
scheduling timing value such that n+l is an uplink sTTI.

Embodiment 3

[0118] The method of embodiments 1 wherein the uplink
scheduling timing 1 is defined based on a load balancing
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approach in which uplink scheduling grants are equally
distributed over different downlink sTTIs.

Embodiment 4

[0119] The method of any one of embodiments 1 to 3
wherein the uplink grant schedules multiple uplink sTTIs for
the same wireless device (14).

Embodiment 5

[0120] The method of embodiment 4 wherein the uplink
grant comprises an indication of one or more uplink sTTIs
for which the uplink grant is valid.

Embodiment 6

[0121] The method of any one of embodiments 1 to 5
wherein an UpPTS can be used for uplink data transmission,
and determining (104) the uplink scheduling timing 1 com-
prises determining (104) the uplink scheduling timing 1 in
such a manner that the UpPTSs are treated as uplink sTTTs.

Embodiment 7

[0122] The method of embodiment 1 or 2 wherein deter-
mining the uplink scheduling timing 1 comprises determin-
ing (104) the uplink scheduling timing 1 based on a pre-
defined table that defines values of 1 for different values of
n for the TDD uplink/downlink configuration.

Embodiment 8

[0123] The method of embodiment 7 wherein the pre-
defined table defines the values of 1 for the different values
of n for the TDD uplink/downlink configuration in such a
manner that UpPTSs are treated as uplink sTTIs.

Embodiment 9

[0124] The method of embodiment 7 wherein the pre-
defined table defines the values of 1 for the different values
of n for the TDD uplink/downlink configuration in such a
manner that UpPTSs are not treated as uplink sTTIs.

Embodiment 10

[0125] The method of any one of embodiments 7 to 9
wherein the predefined table defines the values of 1 for the
different values of n in accordance with a latency optimi-
zation scheme.

Embodiment 11

[0126] The method of any one of embodiments 7 to 9
wherein the predefined table defines the values of 1 for the
different values of n in accordance with a load sharing
scheme.

Embodiment 12

[0127] A wireless device (14) in a cellular communica-
tions network (10), the wireless device (14) adapted to:
receive an uplink grant in sTTI n; determine, based on a
configured uplink/downlink configuration, an uplink sched-
uling timing 1; and transmit, in a sTTI n+l, an uplink
transmission in accordance with the uplink grant received in
the sTTI n.
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Embodiment 13

[0128] The wireless device (14) of embodiment 12
wherein the wireless device (14) is further adapted to
perform the method of any one of embodiments 2 to 11.

Embodiment 14

[0129] A wireless device (14) in a cellular communica-
tions network (10), comprising: at least one transceiver (50);
at least one processor (46); and memory (48) comprising
instructions executable by the at least one processor (46)
whereby the wireless device (14) is operable to: receive an
uplink grant in sTTI n; determine, based on a configured
uplink/downlink configuration, an uplink scheduling timing
I; and transmit, in a sTTI n+l, an uplink transmission in
accordance with the uplink grant received in the sTTI n.

Embodiment 15

[0130] A wireless device (14) in a cellular communica-
tions network (10), the wireless device (14) comprising: a
receiving module (58) operable to receive an uplink grant in
sTTI n; a determining module (58) operable to determine,
based on a configured uplink/downlink configuration, an
uplink scheduling timing 1; and a transmitting module (58)
operable to transmit, in a sTTI n+l, an uplink transmission
in accordance with the uplink grant received in the sTTI n.

Embodiment 16

[0131] A method of operation of a radio access node (12)
in a cellular communications network (10), comprising:
transmitting (102) an uplink grant to a wireless device (14)
in a sTTI n; and receiving (106), in a sTTI n+k, an uplink
transmission from the wireless device (14) in accordance
with the uplink grant transmitted to the wireless device (14)
in the sTTI n.

[0132] The following acronyms are used throughout this
disclosure.

[0133] 3GPP Third Generation Partnership Project

[0134] 5G Fifth Generation

[0135] ASIC Application Specific Integrated Circuit

[0136] BLER Block Error Rate

[0137] CA Carrier Aggregation

[0138] CN Core Network

[0139] CPU Central Processing Unit

[0140] DCI Downlink Control Information

[0141] DwPTS Downlink Part of a Special Subframe

[0142] eNB Enhanced or Evolved Node B

[0143] FPGA Field Programmable Gate Array

[0144] FS Frame Structure

[0145] GP Guard Period

[0146] HARQ Hybrid Automatic Repeat Request

[0147] HTTP Hypertext Transfer Protocol

[0148] LAA License Assisted Access

[0149] LTE Long Term Evolution

[0150] LSB Least Significant Bit

[0151] MME Mobility Management Entity

[0152] ms Millisecond

[0153] MSB Most Significant Bit

[0154] MTC Machine Type Communication

[0155] OFDM Orthogonal Frequency Division Multi-

plexing
[0156] PDN Packet Data Network
[0157] P-GW Packet Data Network Gateway
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[0158] RAT Radio Access Technology
[0159] SCEF Service Capability Exposure Function
[0160] SC-FDMA Single Carrier Frequency Division
Multiple Access
[0161] SF Subframe
[0162] SIB System Information Block
[0163] sPUSCH Short Physical Uplink Shared Channel
[0164] sTTI Short Transmission Time Interval
[0165] TCP Transmission Control Protocol
[0166] TDD Time Division Duplexing
[0167] TS Technical Specification
[0168] TTI Transmission Time Interval
[0169] UE User Equipment
[0170] UI Uplink Index
[0171] Those skilled in the art will recognize improve-

ments and modifications to the embodiments of the present
disclosure. All such improvements and modifications are
considered within the scope of the concepts disclosed herein
and the claims that follow.

1. A method of operation of a wireless device in a cellular
communications network, comprising:

receiving an uplink grant in short Transmission Transmit

Interval, sTTI, n; and
determining, based on a configured uplink/downlink con-
figuration, an uplink scheduling timing 1; and
transmitting, in a sTTI n+l, an uplink transmission in
accordance with the uplink grant received in the sTTI
n.

2. The method of claim 1 wherein the uplink scheduling
timing 1 is a smallest integer number of sTTIs that is larger
than or equal to a predefined minimum uplink scheduling
timing value such that n+l is an uplink sTTIL.

3. The method of claim 1 wherein the uplink scheduling
timing 1 is defined based on a load balancing approach in
which uplink scheduling grants are equally distributed over
different downlink sTTIs.

4. The method of claim 1 wherein the uplink grant
schedules multiple uplink sTTIs for the same wireless
device.

5. The method of claim 4 wherein the uplink grant
comprises an indication of one or more uplink sTTIs for
which the uplink grant is valid.

6. The method of claim 1 wherein an uplink part of special
subframes can be used for uplink data transmission, and
determining the uplink scheduling timing 1 comprises deter-
mining the uplink scheduling timing 1 in such a manner that
the uplink part of the special subframes are treated as uplink
sTTIs.

7. The method of claim 1 wherein determining the uplink
scheduling timing 1 comprises determining the uplink sched-
uling timing | based on a predefined table that defines values
of 1 for different values of n for the configured uplink/
downlink configuration.

8. The method of claim 7 wherein the predefined table
defines the values of 1 for the different values of n for the
configured uplink/downlink configuration in such a manner
that an uplink part of special subframes are treated as uplink
sTTIs.

9. The method of claim 7 wherein the predefined table
defines the values of 1 for the different values of n for the
configured uplink/downlink configuration in such a manner
that an uplink part of special subframes are not treated as
uplink sTTTs.
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10. The method of claim 7 wherein the predefined table
defines the values of 1 for the different values of n in
accordance with a latency optimization scheme.
11. The method of claim 7 wherein the predefined table
defines the values of 1 for the different values of n in
accordance with a load sharing scheme.
12. The method of claim 1 wherein the sTTI n and the
sTTI n+] each have a duration of less than 1 millisecond.
13. The method of claim 1 wherein the sTTI n and the
sTTI n+] each have a duration of less than 0.5 milliseconds.
14. (canceled)
15. (canceled)
16. A wireless device in a cellular communications net-
work, comprising:
at least one transceiver;
at least one processor; and
memory comprising instructions executable by the at least
one processor whereby the wireless device is operable
to:
receive an uplink grant in short Transmission Time
Interval, sTTI, n;
determine, based on a configured uplink/downlink con-
figuration, an uplink scheduling timing 1; and
transmit, in a sTTI n+l, an uplink transmission in
accordance with the uplink grant received in the
sTTI n.
17. (canceled)
18. A method of operation of a radio access node in a
cellular communications network, comprising:
transmitting an uplink grant to a wireless device in a short
Transmission Time Interval, sTTI, n; and

receiving, in a short TTI n+l, an uplink transmission from
the wireless device in accordance with the uplink grant
transmitted to the wireless device in the sTTI n, where
1 is an uplink scheduling timing 1.

19. The method of claim 18 wherein the uplink scheduling
timing 1 is a smallest integer number of sTTIs that is larger
than or equal to a predefined minimum uplink scheduling
timing value such that n+l is an uplink sTTIL.

20. The method of claim 18 wherein the uplink scheduling
timing 1 is defined based on a load balancing approach in
which uplink scheduling grants are equally distributed over
different downlink sTTIs.

21. The method of claim 18 wherein the uplink grant
schedules multiple uplink sTTIs for the same wireless
device.

22. The method of claim 21 wherein the uplink grant
comprises an indication of one or more uplink sTTIs for
which the uplink grant is valid.

23. The method of claim 18 wherein an uplink part of
special subframes can be used for uplink data transmission,
and the uplink scheduling timing 1 is determined in such a
manner that the uplink part of the special subframes are
treated as uplink sTTTs.

24. The method of claim 18 wherein the uplink scheduling
timing 1 is determined based on a predefined table that
defines values of 1 for different values of n for a Time
Division Duplexing, TDD, uplink/downlink configuration.

25. The method of claim 24 wherein the predefined table
defines the values of 1 for the different values of n for the
TDD uplink/downlink configuration in such a manner that
an uplink part of special subframe are treated as uplink
sTTIs.
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26. The method of claim 24 wherein the predefined table
defines the values of 1 for the different values of n for the
TDD uplink/downlink configuration in such a manner that
an uplink part of special subframes are not treated as uplink
sTTIs.

27. The method of claim 24 wherein the predefined table
defines the values of 1 for the different values of n in
accordance with a latency optimization scheme.

28. The method of claim 24 wherein the predefined table
defines the values of 1 for the different values of n in
accordance with a load sharing scheme.

29. The method of claim 18 wherein the sTTI n and the
sTTI n+] each have a duration of less than 1 millisecond.

30. The method of claim 18 wherein the sTTI n and the
sTTI n+l each have a duration of less than 0.5 milliseconds.

31. (canceled)

32. (canceled)

33. A radio access node for a cellular communications
network, comprising:

at least one transceiver;

at least one processor; and

memory comprising instructions executable by the at least

one processor whereby the radio access node is oper-

able to:

transmit an uplink grant to a wireless device in a short
Transmission Time Interval, sTTI, n; and

receive, in a sTTI n+l, an uplink transmission from the
wireless device in accordance with the uplink grant
transmitted to the wireless device in the sTTI n,
where 1 is an uplink scheduling timing 1.

34. (canceled)



