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CONFIGURATION-DEPENDENT DCI TIMING

TECHNICAL FIELD

The invention relates to methods for scheduling, as well as to a wireless device, a network node,

computer programs, and computer program products.

BACKGROUND

The fifth generation (5G) of mobile telecommunications and wireless technology is not yet fully defined
but in an advanced draft stage within 3™ Generation Partnership Project (3GPP). It includes work on 5G
New Radio (NR) Access Technology. Long term evolution (LTE) terminology is used in this disclosure
in a forward looking sense, to include equivalent 5G entities or functionalities although a different term is
specified in 5G. A general description of the agreements on the physical layer aspects of 5G NR Access
Technology so far is contained in 3GPP Technical Report 38.802 v1.2.0 (2017-02). Final specifications
may be published inter alia in the future 3GPP TS 38.2** series.

Figure 1 schematically illustrates a wireless communication network, where a wireless device, also
referred to as a user equipment (UE) UE 1 is wirelessly connectable to a base station BS 2. The BS 2 is
connected to a core network (CN) 3. In an NR access network, the BS may be referred to as a gNB, and
the corresponding terminology for an LTE access network is an eNB. The BS 2 serves the UE 1 located
within the BS’s geographical arca of service, called a cell.

NR uses scheduled transmission where the scheduler (which may be a part of or a functionality of
the gNB), provides information to the UE related to - among other things - when to transmit or receive
data. This information from the scheduler is typically provided as part of the Downlink Control
Information (DCI). The information sent to the UE relating to when to transmit or receive data as part of
the DCI, may indicate the slot number where the transmission or reception will or should occur. As one
example, the DCI received in slot 7 could contain information 7 used to indicate that transmission of the
corresponding uplink data, or reception of the corresponding downlink data, occurs in slot 77+i.

NR supports dynamic Time Division Duplex (TDD), which means that it is part of the scheduling
decision whether a UE should receive or transmit in a slot. As illustrated in Figure 2a, NR slots can be
freely used for uplink or downlink as part of the scheduling decisions (but not uplink and downlink at the
same time). However, for TDD coexistence reasons, NR may need to use the same uplink/downlink
allocation as a neighboring LTE carrier is using. Figure 2b illustrates one example of such a scenario
where the upper part of the figure illustrates the NR carrier where a semi-static uplink-downlink
allocation is configured for coexistence with the neighboring LTE carrier illustrated in the lower part of
the figure. This could in principle be left as a choice for the scheduler, although it has been agreed that the
network can use Radio Resource Control (RRC) signaling to inform the UE that the network will follow a

semi-static uplink/downlink allocation.
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SUMMARY

It is an object to provide a solution making it possible to limit the amount of DCI signaling at
scheduling while allowing for both dynamic TDD and semi-static TDD uplink-downlink allocation.

According to a first aspect, a method of operating a wireless device, or a method performed by a
wireless device is provided. The method comprises receiving, from a network node, control information
indicating a timing of a scheduled transmission or reception and determining at least one slot or symbol
for the scheduled transmission or reception based on the control information indicating the timing. The
determining is dependent on whether the wireless device is configured with a semi-static time division
duplex, TDD, uplink-downlink allocation or not. The method also comprises performing the scheduled
transmission or reception in the determined at least one slot or symbol.

According to a second aspect, a method of operating a network node is provided. The method
comprises scheduling the wireless device for transmission or reception in at least one set of slots or
symbols and determining control information indicating a timing of the scheduled transmission or
reception. The determining is dependent on whether the wireless device is configured with a semi-static
time division duplex, TDD, uplink-downlink allocation or not. The method also comprises transmitting,
to the wireless device, the control information indicating the timing.

According to further aspects, a wireless device, a network node, computer programs, and carriers or
computer program products are provided.

One advantage of embodiments is an efficient usage of the limited DCI resources.

Generally, all terms used in the embodiments are to be interpreted according to their ordinary
meaning in the technical field, unless explicitly defined otherwise herein. All references to "a/an/the
clement, apparatus, component, means, step, etc.” are to be interpreted openly as referring to at least one
instance of the element, apparatus, component, means, step, etc., unless explicitly stated otherwise. The
steps of any method disclosed herein do not have to be performed in the exact order disclosed, unless
explicitly stated.

Other objects, advantages and features of embodiments will be explained in the following detailed

description when considered in conjunction with the accompanying drawings and embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now described, by way of example, with reference to the accompanying drawings, on
which:
Fig. 1 is a schematic diagram illustrating an environment where embodiments presented herein may
be applied;
Fig. 2a is a schematic illustration of an NR UL/DL carrier showing that NR slots can be freely used
for uplink or downlink as part of the scheduling decisions (dynamic TDD);
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Fig. 2b is a schematic diagram illustrating that the NR carrier is adapted to a semi-static uplink-
downlink allocation for coexistence with the neighboring LTE carrier;
Fig. 3a-b are schematic diagrams illustrating scheduling according to embodiments;
Fig. 4 is a flowchart illustrating the method in a wireless device according to embodiments.
Fig. 5 is a block diagram schematically illustrating a wireless device according to embodiments.
Fig. 6 is a flowchart illustrating the method in a network node according to embodiments.

Fig. 7 is a block diagram schematically illustrating a network node according to embodiments.

DETAILED DESCRIPTION

In the following, different aspects will be described in more detail with references to certain
embodiments and to accompanying drawings. For purposes of explanation and not limitation, details are
set forth, such as particular scenarios and techniques, in order to provide a thorough understanding of the
different embodiments. However, other embodiments that depart from these details may also exist.

Furthermore, in some instances detailed descriptions of well-known methods, nodes, interfaces,
circuits, and devices are omitted so as not obscure the description with unnecessary detail. Those skilled
in the art will appreciate that the functions described may be implemented in one or in several nodes.
Some or all of the functions described may be implemented using hardware circuitry, such as analog
and/or discrete logic gates interconnected to perform a specialized function, or ASICs. Likewise, some or
all of the functions may be implemented using software programs and data in conjunction with one or
more digital microprocessors or general purpose computers. Where nodes that communicate using the air
interface are described, it will be appreciated that those nodes also have suitable radio communications
circuitry. Moreover, the technology may be embodied entirely within any form of computer-readable
memory, including non-transitory embodiments such as solid-state memory, magnetic disk, or optical
disk containing an appropriate set of computer instructions or computer program code that would cause a
processor to carry out the techniques described herein.

Hardware implementations of the present invention may include or encompass, without limitation,
digital signal processor (DSP) hardware, a reduced instruction set processor, hardware (e.g., digital or
analog) circuitry including but not limited to application specific integrated circuit(s) (ASIC) and/or field
programmable gate array(s) (FPGA(s)), and where appropriate state machines capable of performing such
functions.

In terms of computer implementation, a computer is generally understood to comprise one or more
processors or one or more controllers, and the terms computer, processor, and controller may be
employed interchangeably. When provided by a computer, processor, or controller, the functions may be
provided by a single dedicated computer or processor or controller, by a single shared computer or
processor or controller, or by a plurality of individual computers or processors or controllers, some of

which may be shared or distributed. Moreover, the term “processor” or “controller” also refers to other
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4
hardware capable of performing such functions and/or executing software, such as the example hardware
recited above.

Herein the terms user equipment (UE), terminal, and wireless device are used interchangeably to
denote a device that communicates with a network infrastructure, a wireless communication network, or a
radio access network. The term should not be construed as to mean any specific type of device, i.¢. it
applies to them all, and the embodiments described herein are applicable to all devices that use the
concerned solution to solve the problems as described. Wireless devices are referred to as UE in 3GPP
terminology, and may comprise, for example, cellular telephones, personal digital assistants, smart
phones, laptop computers, handheld computers, machine-type communication/machine-to-machine
(MTC/M2M) devices or other devices or terminals with wireless communication capabilities. Wireless
devices may refer to terminals that are installed in fixed configurations, such as in certain machine-to-
machine applications, as well as to portable devices, or devices installed in motor vehicles.

Similarly, a network node is intended to denote the node in the network infrastructure that
communicates with the UE, sometimes also referred to as a base station (BS). Different names may be
applicable depending on the radio access technology, such as eNB, and gNB. The functionality of the
network node may be distributed in various ways. For example, there could be a radio head terminating
parts of the radio protocols and a centralized unit that terminates other parts of the radio protocols. The
term network node will refer to all alternative architectures that can implement the concerned invention,
and no distinction between such implementations will be made.

Embodiments are described in a non-limiting general context in relation to an example scenario in
an NR wireless communication network or system, such as the network illustrated in Figure 1, in which a
gNB sends timing information as part of the DCI to the UE for scheduling. However, embodiments of the
invention may also be applied in a Device to Device (D2D) scenario, where it is a wireless device that
schedules and thus sends scheduling control information comprising timing information to another
wireless device.

An object of embodiments is to make the interpretation by the UE or wireless device of the timing
information in the DCI dependent on whether the UE has been configured with a semi-static
uplink/downlink allocation or not. If the UE is not configured with a semi-static uplink/downlink
allocation, it means that dynamic TDD is used, as illustrated in Figure 2a. The timing information, which
may also be referred to as information indicating a timing of a scheduled transmission or reception, may
c.g. be the information or variable 7 described in the background section.

In the description, hereinafter, the timing information is discussed in relation to data transmission
in the downlink (DL), i.e., the timing information provided to the UE in the DCI is used by the UE to
determine when the UE is scheduled to receive a downlink transmission. However, the same principle can
be applied to other uplink (UL) or DL channels. As one example, timing information provided to the UE
in the DCI or some other DL control channel may be used by the UE to determine when the UE is
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scheduled to transmit UL control signaling or UL data. In some cases, a physical uplink control channel
(PUCCH) spans multiple symbols or even slots. Therefore, also timing information received by the UE in
the DCI related to the PUCCH can be handled in the same way as timing information related to a data
transmission as described herein.

It may be assumed that the DCI received by the UE comprises timing information, such as
information indicating in which slot or Orthogonal frequency-division multiplexing (OFDM) symbol a
data transmission starts. This could ¢.g. be the information, parameter or variable 7 described in the
background section. Timing information indicating in which slot or symbol a transmission or reception
starts may be denoted ¢ start. The timing information could also include a length of the transmission,
denoted ¢ /ength, or information where the transmission ends, / end, ¢.g. indicating whether it is a single
slot or a multi-slot transmission. The complete set of timing information in the DCI, i.e. one or more of
! start, t length, t end, or the variable 7 described in the background, may be denoted 7.

The set of actual slots or symbols (in embodiments comprising single or multiple slots or symbols)
used or scheduled for the data transmission is denoted .S. How to determine the set S based on the
received timing information T depends on whether the UE has been configured with a semi-static TDD
uplink/downlink allocation or not.

If the UE is not configured with a semi-static uplink-downlink allocation, and thus is
configured with dynamic TDD, the set § of slots or OFDM symbols used for the data transmission is
given by a first function /7 according to S=f1(7). For example, a typical function when scheduling
downlink transmissions could be such that the timing information 7' refers to the actual slots, i.e. the data
transmission starts in the same slot as the DCI was received in, ¢ start=0, and spans ¢ length contiguous
slots. This embodiment is illustrated in Figure 3a. The arrow 301 illustrates that the DCI is received in
slot #0. The timing information T in DCI indicates that ¢ start is equal to 0, i.¢. that the DL data
transmission starts in the slot that the DCI was received in, which is in slot #0. The DCI also indicates
that the DL transmission spans four slots, i.e. # length is equal to four. The set S is thus determined to
comprise slots #0 to slot #4 (indicated by reference numeral 302) in this case where the UE is configured
to use dynamic TDD and not semi-static uplink-downlink allocation. It should be noted that timing
information may very well indicate non-contiguous slots in another embodiment. If 7 starf#0 is provided
in the DCI, the DL transmission would extend from slot n+¢ start to n+t start+t length-1 with n being
the slot in which the DCI is received.

If the UE is configured with a semi-static uplink-downlink allocation, the set S is given by a
second function /2 according to S=72(7). For example, a typical function when scheduling downlink
transmissions could be such that the timing information 7 only refers to semi-statically configured
downlink slots, i.c. the data starts in the same slot as the DCI was received in, ¢ start=0, and spans
t length downlink slots, i.¢. slots allocated to be downlink slots in the semi-static uplink-downlink

allocation. This embodiment is illustrated in Figure 3b. The arrow 303 illustrates that the DCI is received
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in slot #0. The timing information T in DCI indicates that ¢ start is equal to O, i.e. that the DL data
transmission starts in the slot that the DCI was received in, which is in slot #0. The DCI also indicates
that the DL transmission spans four slots, i.e. £ length is equal to four. The set S is thus determined to
comprise slots #0, slot #1, slot#3, and slot#4 (indicated by reference numeral 304) in this case where the
UE is configured to use semi-static uplink-downlink allocation. If ¢ start#0 is provided in the DCI, the
DL transmission would extend from downlink slot n+¢ start to n+t start+t length-1 with n being the
downlink slot in which the DCI is received.

The network node or gNB signaling the DCI needs to take the configuration of the TDD uplink-
downlink allocation of the UE into account when determining the timing information T in DCI relating to
scheduled slots or symbols. In the example embodiment illustrated in Figure 3b, the gNB could send a
Physical Downlink Control Channel (PDCCH) comprising DCI in slot #1 for a scheduled DL slot #3 on a
Physical Downlink Shared Channel (PDSCH). If the UE is configured with a semi-static uplink-downlink
allocation, the timing information would be determined to indicate one “1” as the slot offset between
PDCCH and PDSCH. Although the slot difference is two “27, slot #2, 305, is UL and should therefore not
be counted. Without a semi-static uplink-downlink TDD allocation, the gNB would determine the timing
information to indicate “2”, as all slots are counted. A more general way of describing the functionality of
the gNB, is that the gNB may determine a slot offset of K slots for the case when the UE is not configured
with a semi-static uplink-downlink TDD allocation. On the other hand, when the UE is configured with a
semi-static uplink-downlink TDD allocation, K is reduced by the number of UL slots configured between
the PDCCH slot and the PDSCH slot.

The example embodiments described with reference to Figures 3a-b are multi-slot examples.
However, the determination of the set S dependent on whether the UE is configured with a semi-static
uplink-downlink allocation or not is also applicable if the length is only one slot or symbol. In one
example of a single slot embodiment applicable for UL, the timing information 7 received by the UE in
DClI indicates n+2, where n is the slot in which the UL grant is received. The UE determines the set S to
comprise either the single slot n+2, when the UE is not configured with a semi-static uplink-downlink
allocation, or the second-next UL slot otherwise.

The time units used in Figures 3a-b and in other example embodiments described herein are slots.
However, in other embodiments the timing information may relate to symbol timing.

In embodiments, the gNB or BS may configure the UE with a table which maps control
information in the DCI to a certain set S of slots or symbols. The gNB may then ¢.g. signal an index
pointing at an entry in the table that indicates what slot(s) or symbol(s) to use for the scheduled
transmission or reception, the index thus corresponding to the timing information 7'

Embodiments of methods described with reference to Figure 4 and Figure 6

Figure 4 is a flowchart illustrating one embodiment of a method of operating a wireless device,

which may also be understood as a method performed by a wireless device.
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The method comprises:

- 10: Receiving, from a network node, control information indicating a timing 7" of a scheduled
transmission or reception. In embodiments, the network node may be a gNB of an NR access
network.

- 20: Determining at least one slot or symbol S for the scheduled transmission or reception based
on the control information indicating the timing, wherein the determining is dependent on
whether the wireless device is configured with a semi-static time division duplex, TDD, uplink-
downlink allocation or not.

- 30: Performing the scheduled transmission or reception in the determined at least one slot or
symbol.

In embodiments, the received control information may indicate in which slot or symbol the
scheduled transmission or reception starts (see ¢ sfart described above). The received control information
may also indicate a length of the scheduled transmission or reception (see ¢ length described above). The
received control information may also indicate in which slot or symbol the scheduled transmission or
reception ends (see ¢ end described above). The received control information may indicate the timing by
reference to a slot or symbol in which the control information is received (see parameter 7 and » described
above).

The determining 20 of at least one slot or symbol may comprise:

- when the wireless device is not configured with a semi-static TDD uplink-downlink
allocation, determining a set of slots or symbols according to a first function (see function f7 above) of the
control information,

- when the wireless device is configured with a semi-static TDD uplink-downlink allocation,
determining the set of slots or symbols according to a second function (see function /2 above) of the
control information different from the first function.

The determining 20 of slots or symbols may comprise:

- when the wireless device is not configured with a semi-static TDD uplink-downlink
allocation, determining a set of slots or symbols in accordance with the indicated timing. In one
embodiment, the slots or symbols may be contiguous as illustrated in Figure 3a.

- when the wireless device is configured with a semi-static TDD uplink-downlink allocation,
determining the set of slots or symbols in accordance with the indicated timing while taking the semi-
static TDD uplink-downlink allocation into account (see ¢.g. Figure 3b).

In one embodiment of the method, the control information indicates a timing of a scheduled
transmission, and the determining of the set of slots or symbols in accordance with the indicated timing
while taking the semi-static TDD uplink-downlink allocation into account comprises determining the set
of slots or symbols depending on certain properties of the semi-static TDD uplink-downlink allocation.

The propertics may ¢.g. be what slots or symbols that are allocated to UL in the configuration.
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Therefore, in one embodiment the determining of the set of slots or symbols comprises determining
the set of slots or symbols only among uplink slots or symbols of the semi-static TDD uplink-downlink
allocation. In another embodiment, the control information indicates a timing of a scheduled reception,
and determining the set of slots or symbols in accordance with the indicated timing while taking the semi-
static TDD uplink-downlink allocation into account comprises determining the set of slots or symbols
only among downlink slots or symbols of the semi-static TDD uplink-downlink allocation.

In one embodiment, the determining 20 of the at least one slot or symbol comprises when the
wireless device is not configured with a semi-static TDD uplink-downlink allocation:

- determining a set of contiguous slots or symbols among slots or symbols of the configured uplink-
downlink allocation, wherein the control information indicates a start slot or start symbol and a length of
the set.

Also the network should take the configuration of the TDD uplink-downlink allocation of the UE
into account when determining the control information indicating the timing of the scheduled slots or
symbols, i.¢. the determining would be dependent on whether the configuration of the TDD uplink-
downlink allocation of the UE is semi-static or dynamic. Figure 6 is a flowchart illustrating one
embodiment of a method of operating a network node to schedule a wireless device for transmission or
reception, which may also be understood as a method performed by a network node. The network node
may be a gNB of an NR wireless communication network.

The method comprises:

110: Scheduling the wireless device for transmission or reception in at least one slot or symbol.

120: Determining control information indicating a timing of the scheduled transmission or
reception, wherein the determining is dependent on whether the wireless device is configured with a
semi-static time division duplex, TDD, uplink-downlink allocation or not.

130: Transmitting, to the wireless device, the control information indicating the timing.

In embodiments, the control information may be determined 120 to indicate at least one of the
following:

- in which slot or symbol the scheduled transmission or reception starts;

- alength of the scheduled transmission or reception;

- in which slot or symbol the scheduled transmission or reception ends.

In one embodiment, the control information is determined to indicate the timing by reference to a
slot or symbol in which the control information is received by the wireless device.

As a consequence, the transmitted control information may indicate: in which slot or symbol the
scheduled transmission or reception starts; a length of the scheduled transmission or reception; and/or in
which slot or symbol the scheduled transmission or reception ends. Further, the transmitted control
information may indicate the timing by reference to a slot or symbol in which the control information is

transmitted.
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The determining 120 may comprise, when the wireless device is configured with a semi-static TDD
uplink-downlink allocation:

- determining the control information taking the semi-static TDD uplink-downlink allocation
into account, such that the control information indicates a timing that corresponds to the scheduled set of
slots or symbols.

In embodiments, the determining 120 of the control information indicating the timing comprises:

- when the wireless device is not configured with a semi-static TDD uplink-downlink
allocation, determining the control information such that the scheduled at least one slot or symbol can be
determined by the wireless device according to a first function of the control information, and

- when the wireless device is configured with a semi-static TDD uplink-downlink allocation,
determining the control information such that the scheduled at least one slot or symbol can be determined
by the wireless device according to a second function of the control information different from the first
function.

In embodiments, the wireless device may be configured with a semi-static TDD uplink-downlink
allocation and may be scheduled 110 for transmission. The control information may then be determined
120 such that the wireless device determines the scheduled at least one slot or symbol only among uplink
slots or symbols of the semi-static TDD uplink-downlink allocation based on the control information.

In embodiments, the wireless device may be configured with a semi-static TDD uplink-downlink
allocation and may be scheduled 110 for reception. The control information may then be determined 120
such that the wireless device determines the scheduled at least one slot or symbol only among downlink
slots or symbols of the semi-static TDD uplink-downlink allocation based on the control information.

Embodiments of apparatus described with reference to Figure 5 and Figure 7

An embodiment of the wireless device 500 is schematically illustrated in the block diagram in
Figure 5. The wireless device 500 is configured to:

- receive, from a network node, control information indicating a timing of a scheduled
transmission or reception,

- determine at least one slot or symbol for the scheduled transmission or reception based on
the control information indicating the timing, wherein the determining is dependent on whether the
wireless device is configured with a semi-static time division duplex, TDD, uplink-downlink allocation or
not,

- perform the scheduled transmission or reception in the determined at least one slot or
symbol.

The wireless device may be configured to perform any of the methods previously described e.g. the
ones described with reference to Figure 4.

The wireless device may be configured to receive control information indicating in which slot or

symbol the scheduled transmission or reception starts, configured to receive control information
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indicating a length of the scheduled transmission or reception, configured to receive control information
indicating in which slot or symbol the scheduled transmission or reception ends, and/or configured to
receive control information indicating the timing by reference to a slot or symbol in which the control
information is received.

In embodiments, the wireless device may be configured to determine the at least one slot or symbol
by:

- determining a set of slots or symbols according to a first function of the control information,
when the wireless device is not configured with a semi-static TDD uplink-downlink allocation,

- determining the set of slots or symbols according to a second function of the control
information different from the first function, when the wireless device is configured with a semi-static
TDD uplink-downlink allocation.

In embodiments, the wireless device may be configured to determine the at least one slot or symbol
by:

- determining a set of slots or symbols in accordance with the indicated timing while taking
the semi-static TDD uplink-downlink allocation into account, when the wireless device is configured with
a semi-static TDD uplink-downlink allocation.

In embodiments, when the control information indicates a timing of a scheduled transmission, the
wireless device may be configured to determine the set of slots or symbols in accordance with the
indicated timing while taking the semi-static TDD uplink-downlink allocation into account comprises
determining the set of slots or symbols only among uplink slots or symbols of the semi-static TDD
uplink-downlink allocation.

In embodiments, when the control information indicates a timing of a scheduled reception, the
wireless device may be configured to determine the set of slots or symbols in accordance with the
indicated timing while taking the semi-static TDD uplink-downlink allocation into account comprises
determining the set of slots or symbols only among downlink slots or symbols of the semi-static TDD
uplink-downlink allocation.

In further embodiments, when the wireless device is not configured with a semi-static TDD uplink-
downlink allocation, the wireless device may be configured to determine the at least one slot or symbol
by determining a set of contiguous slots or symbols among slots or symbols of the configured uplink-
downlink allocation, wherein the control information indicates a start slot or start symbol and a length of
the set.

As illustrated in Figure 5, the wireless device 500 may comprise at least one processing circuitry
510 and optionally also a memory 530. In embodiments, the memory 530 may be placed in some other
node or unit or at least separately from the wireless device 500. The wireless device 500 may also
comprise one or more input/output (I/0) units 520 configured to communicate with a network node such

as an gNodeB. The input/output (I/0) unit 520 may in embodiments comprise a transceiver connected to
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ong or more antennas over antenna ports for wireless communication with network nodes in the network.
The memory 530 may contain instructions executable by said at least one processing circuitry 510,
whereby the wireless device 500 may be configured to perform any of the methods previously described
herein, .g. the ones described with reference to Figure 4.

In another embodiment also illustrated in Figure 5, the wireless device 500 may comprise a
receiving module 511, a determining module 512, and a performing module 513, adapted to respectively
perform the method steps of Figure 4.

The wireless device 500 may contain further modules adapted to perform any of the methods
previously described herein. The modules described above are functional units which may be
implemented in hardware, software, firmware or any combination thereof. In one embodiment, the
modules are implemented as a computer program running on the at least one processing circuitry 510.

In still another alternative way to describe the embodiment in Figure S, the wireless device 500
may comprise a Central Processing Unit (CPU) which may be a single unit or a plurality of units.
Furthermore, the wireless device 500 may comprise at least one computer program product (CPP) with a
computer readable medium 541, e.g. in the form of a non-volatile memory, ¢.g. an EEPROM (Electrically
Erasable Programmable Read-Only Memory), a flash memory or a disk drive. The CPP may comprise a
computer program 540 stored on the computer readable medium 541, which comprises code means which
when run on the CPU of the wireless device 500 causes the wireless device 500 to perform the methods
described earlier in conjunction with Figure 4. In other words, when said code means are run on the CPU,
they correspond to the at least one processing circuitry 510 of the wireless device 500 in Figure 5.

An embodiment of the network node 600 is schematically illustrated in the block diagram in
Figure 7. The network node 600 is configured to:

- schedule the wireless device for transmission or reception in a set of slots or symbols,

- determine control information indicating a timing of the scheduled transmission or reception,
wherein the determining is dependent on whether the wireless device is configured with a semi-static time
division duplex, TDD, uplink-downlink allocation or not,

- transmit, to the wireless device, the control information indicating the timing.

The network node 600 may be configured to perform any of the methods previously described ¢.g.
the ones described with reference to Figure 6.

The network node may be configured to determine the control information to indicate: in which
slot or symbol the scheduled transmission or reception starts, a length of the scheduled transmission or
reception, in which slot or symbol the scheduled transmission or reception ends, the timing by reference
to a slot or symbol in which the control information is received by the wireless device.

In embodiments, the network node may be configured to determine the control information

indicating the timing by:
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- when the wireless device is not configured with a semi-static TDD uplink-downlink
allocation, determining the control information such that the scheduled at least one slot or symbol can be
determined by the wireless device according to a first function of the control information,

- when the wireless device is configured with a semi-static TDD uplink-downlink allocation,
determining the control information such that the scheduled at least one slot or symbol can be determined
by the wireless device according to a second function of the control information different from the first
function.

In other embodiments, wherein the wireless device is configured with a semi-static TDD uplink-
downlink allocation, the network node may be configured to schedule the wireless device for
transmission, and to determine the control information such that the wireless device determines the
scheduled at least one slot or symbol only among uplink slots or symbols of the semi-static TDD uplink-
downlink allocation based on the control information.

In embodiments, wherein the wireless device is configured with a semi-static TDD uplink-
downlink allocation, the network node may be configured to schedule the wireless device for reception,
and to determine the control information such that the wireless device determines the scheduled at least
ong slot or symbol only among downlink slots or symbols of the semi-static TDD uplink-downlink
allocation based on the control information.

As illustrated in Figure 7, the network node 600 may comprise at least one processing circuitry
610 and optionally also a memory 630. In embodiments, the memory 630 may be placed in some other
node or unit or at least separately from the network node 600. The network node 600 may also comprise
ong or more input/output (I/0) units 620 configured to communicate with a wireless device or UE. The
input/output (I/0) unit 620 may in embodiments comprise a transceiver connected to one or more
antennas over antenna ports for wireless communication with wireless devices. The memory 630 may
contain instructions executable by said at least one processing circuitry 610, whereby the network node
600 may be configured to perform any of the methods previously described herein, e.g. the ones described
with reference to Figure 6.

In another embodiment also illustrated in Figure 7, the network node 600 may comprise a
scheduling module 611, a determining module 612, and a transmitting module 613, adapted to
respectively perform the method steps of Figure 6.

The network node 600 may contain further modules adapted to perform any of the methods
previously described herein. The modules described above are functional units which may be
implemented in hardware, software, firmware or any combination thereof. In one embodiment, the
modules are implemented as a computer program running on the at least one processing circuitry 610.

In still another alternative way to describe the embodiment in Figure 7, the network node 600 may
comprise a Central Processing Unit (CPU) which may be a single unit or a plurality of units. Furthermore,

the network node 600 may comprise at least one computer program product (CPP) with a computer
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readable medium 641, e.g. in the form of a non-volatile memory, e.g. an EEPROM (Electrically Erasable
Programmable Read-Only Memory), a flash memory or a disk drive. The CPP may comprise a computer
program 640 stored on the computer readable medium 641, which comprises code means which when run
on the CPU of the network node 600 causes the network node 600 to perform the methods described
carlier in conjunction with Figure 6. In other words, when said code means are run on the CPU, they
correspond to the at least one processing circuitry 610 of the network node 600 in Figure 7.

The invention has mainly been described above with reference to a few embodiments. However, as
is readily appreciated by a person skilled in the art, other embodiments than the ones disclosed above are

equally possible within the scope of the invention.

List of further example embodiments

El. A method of operating a wireless device, the method comprising:

- receiving (10), from a network node, control information indicating a timing of a scheduled
transmission or reception,

- determining (20) slots or symbols for the scheduled transmission or reception based on the control
information indicating the timing, wherein the determining is dependent on whether the wireless
device is configured with a semi-static time division duplex, TDD, uplink-downlink allocation or
not,

- performing (30) the scheduled transmission or reception in the determined slots or symbols.

E2. The method according to embodiment E1, wherein the received control information indicates in

which slot or symbol the scheduled transmission or reception starts.

E3. The method according to any of the preceding embodiments, wherein the received control

information indicates a length of the scheduled transmission or reception.

E4. The method according to any of the preceding embodiments, wherein the received control

information indicates in which slot or symbol the scheduled transmission or reception ends.

E5. The method according to any of the preceding embodiments, wherein the received control
information indicates the timing by reference to a slot or symbol in which the control information is

received.

E6. The method according to any of the preceding embodiments, wherein the determining (20) of slots

or symbols comprises:
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- when the wireless device is not configured with a semi-static TDD uplink-downlink allocation,
determining the set of slots or symbols according to a first function of the control information,
- when the wireless device is configured with a semi-static TDD uplink-downlink allocation,
determining the set of slots or symbols according to a second function of the control information

different from the first function.

E7. The method according to any of the preceding embodiments, wherein the determining (20) of slots

or symbols comprises:

- when the wireless device is not configured with a semi-static TDD uplink-downlink allocation,
determining a set of slots or symbols in accordance with the indicated timing,

- when the wireless device is configured with a semi-static TDD uplink-downlink allocation,
determining the set of slots or symbols in accordance with the indicated timing while taking the

semi-static TDD uplink-downlink allocation into account.

E8. The method according to embodiment E7, wherein the control information indicates a timing of a
scheduled transmission, and wherein determining the set of slots or symbols in accordance with the
indicated timing while taking the semi-static TDD uplink-downlink allocation into account comprises
determining the set of slots or symbols depending on certain properties of the semi-static TDD uplink-

downlink allocation.

E9. The method according to embodiment E7, wherein the control information indicates a timing of a
scheduled transmission, and wherein determining the set of slots or symbols in accordance with the
indicated timing while taking the semi-static TDD uplink-downlink allocation into account comprises
determining the set of slots or symbols only among uplink slots or symbols of the semi-static TDD

uplink-downlink allocation.

E10. The method according to embodiment E7, wherein the control information indicates a timing of
a scheduled reception, and wherein determining the set of slots or symbols in accordance with the
indicated timing while taking the semi-static TDD uplink-downlink allocation into account comprises
determining the set of slots or symbols only among downlink slots or symbols of the semi-static TDD

uplink-downlink allocation.

E11. A method of operating a network node to schedule a wireless device for transmission or reception,
the method comprising:

- scheduling (110) the wireless device for transmission or reception in a set of slots or symbols,
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- determining (120) control information indicating a timing of the scheduled transmission or
reception, wherein the determining is dependent on whether the wireless device is configured with
a semi-static time division duplex, TDD, uplink-downlink allocation or not,

- transmitting (130), to the wireless device, the control information indicating the timing.

E12. The method according to embodiment E11, wherein the transmitted control information indicates

in which slot or symbol the scheduled transmission or reception starts.

E13. The method according to any of embodiments E11-E12, wherein the transmitted control

information indicates a length of the scheduled transmission or reception.

E14. The method according to any of embodiments E11-E13, wherein the transmitted control

information indicates in which slot or symbol the scheduled transmission or reception ends.

E15. The method according to any of embodiments E11-E14, wherein the transmitted control
information indicates the timing by reference to a slot or symbol in which the control information is

transmitted.

E16. The method according to any of embodiments E11-E15, wherein the determining (120) comprises

when the wireless device is configured with a semi-static TDD uplink-downlink allocation:

- determining the control information taking the semi-static TDD uplink-downlink allocation into
account, such that the control information indicates a timing that corresponds to the scheduled set

of slots or symbols.

E17. A wireless device (500) configured to:

- receive, from a network node, control information indicating a timing of a scheduled transmission
or reception,

- determine slots or symbols for the scheduled transmission or reception based on the control
information indicating the timing, wherein the determining is dependent on whether the wireless
device is configured with a semi-static time division duplex, TDD, uplink-downlink allocation or
not,

- perform the scheduled transmission or reception in the determined slots or symbols.

E18. The wireless device of embodiment E17, further configured to perform the method of any of
embodiments E2-E10.
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E19. A wireless device (500) comprising a processing circuitry (610) and a memory (630), the memory

containing instructions executable by the processing circuitry whereby the wireless device is configured

to:

- receive, from a network node, control information indicating a timing of a scheduled transmission
or reception,

- determine slots or symbols for the scheduled transmission or reception based on the control
information indicating the timing, wherein the determining is dependent on whether the wireless
device is configured with a semi-static time division duplex, TDD, uplink-downlink allocation or
not,

- perform the scheduled transmission or reception in the determined slots or symbols.

E20. The wireless device of embodiment E19, wherein the memory contains instructions executable
by the processing circuitry, whereby the wireless device is configured to perform the method of any

of embodiments E2-E10.

E21. A wireless device (500) comprising:

- areceiving module (511) adapted to receive, from a network node, control information indicating
a timing of a scheduled transmission or reception,

- adetermining module (512) adapted to determine slots or symbols for the scheduled transmission
or reception based on the control information indicating the timing, wherein the determining is
dependent on whether the wireless device is configured with a semi-static time division duplex,
TDD, uplink-downlink allocation or not,

- a performing module (513) adapted to perform the scheduled transmission or reception in the

determined slots or symbols.

E22. The wireless device of embodiment E21, comprising further modules adapted to perform the
method of any of embodiments E2-E10.

E23. A computer program comprising instructions which, when executed by at least one processor of

a wireless device, causes the wireless device to carry out the method of any of embodiments EI1-E10.

E24. A carrier containing the computer program of embodiment E23, wherein the carrier is one of an

electronic signal, optical signal, radio signal, or computer readable storage medium.

E25. A network node (600) configured to schedule a wireless device for transmission or reception, the

network node being further configured to:
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- schedule the wireless device for transmission or reception in a set of slots or symbols,
- determine control information indicating a timing of the scheduled transmission or reception,
wherein the determining is dependent on whether the wireless device is configured with a semi-
static time division duplex, TDD, uplink-downlink allocation or not,

- transmit, to the wireless device, the control information indicating the timing.

E26. The network node of embodiment E25, further configured to perform the method of any of
embodiments E12-E16.

E27. A network node (600) configured to schedule a wireless device for transmission or reception,

comprising a processing circuitry (610) and a memory (630), the memory containing instructions

executable by the processing circuitry whereby the network node is configured to:

- schedule the wireless device for transmission or reception in a set of slots or symbols,

- determine control information indicating a timing of the scheduled transmission or reception,
wherein the determining is dependent on whether the wireless device is configured with a semi-
static time division duplex, TDD, uplink-downlink allocation or not,

- transmit, to the wireless device, the control information indicating the timing.

E28. The network node of embodiment E27, wherein the memory contains instructions executable by
the processing circuitry, whereby the network node is configured to perform the method of any of

embodiments E12-E16.

E29. A network node (600) comprising:

- ascheduling module (611) adapted to schedule the wireless device for transmission or reception in
a set of slots or symbols,

- a determining module (612) adapted to determine control information indicating a timing of the
scheduled transmission or reception, wherein the determining is dependent on whether the wireless
device is configured with a semi-static time division duplex, TDD, uplink-downlink allocation or
not,

- a transmitting module (613) adapted to transmit, to the wireless device, the control information

indicating the timing.

E30. The network node of embodiment E29, comprising further modules adapted to perform the
method of any of embodiments E12-E16.
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E31. A computer program comprising instructions which, when executed by at least one processor of

a network node, causes the network node to carry out the method of any of embodiments E11-E16.

E32. A carrier containing the computer program of embodiment 31, wherein the carrier is one of an

electronic signal, optical signal, radio signal, or computer readable storage medium.
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CLAIMS

A method of operating a wireless device, the method comprising:

- receiving (10), from a network node, control information indicating a timing of a scheduled
transmission or reception,

- determining (20) at least one slot or symbol for the scheduled transmission or reception based on
the control information indicating the timing, wherein the determining is dependent on whether the
wireless device is configured with a semi-static time division duplex, TDD, uplink-downlink
allocation or not,

- performing (30) the scheduled transmission or reception in the determined at least one slot or

symbol.

The method according to claim 1, wherein the received control information indicates in which slot or

symbol the scheduled transmission or reception starts.

The method according to any of the preceding claims, wherein the received control information

indicates a length of the scheduled transmission or reception.

The method according to any of the preceding claims, wherein the received control information

indicates in which slot or symbol the scheduled transmission or reception ends.

The method according to any of the preceding claims, wherein the received control information

indicates the timing by reference to a slot or symbol in which the control information is received.

The method according to any of the preceding claims, wherein the determining (20) of at least one slot

or symbol comprises:

- when the wireless device is not configured with a semi-static TDD uplink-downlink allocation,
determining a set of slots or symbols according to a first function of the control information,

- when the wireless device is configured with a semi-static TDD uplink-downlink allocation,
determining the set of slots or symbols according to a second function of the control information

different from the first function.

The method according to any of the preceding claims, wherein the determining (20) of the at least one

slot or symbol comprises:
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- when the wireless device is configured with a semi-static TDD uplink-downlink allocation,
determining a set of slots or symbols in accordance with the indicated timing while taking the semi-

static TDD uplink-downlink allocation into account.

The method according to claim 7, wherein the control information indicates a timing of a scheduled
transmission, and wherein determining the set of slots or symbols in accordance with the indicated
timing while taking the semi-static TDD uplink-downlink allocation into account comprises
determining the set of slots or symbols only among uplink slots or symbols of the semi-static TDD

uplink-downlink allocation.

The method according to claim 7, wherein the control information indicates a timing of a scheduled
reception, and wherein determining the set of slots or symbols in accordance with the indicated timing
while taking the semi-static TDD uplink-downlink allocation into account comprises determining the
set of slots or symbols only among downlink slots or symbols of the semi-static TDD uplink-downlink

allocation.

The method according to any of the preceding claims, wherein the determining (20) of the at least one

slot or symbol comprises:

- when the wireless device is not configured with a semi-static TDD uplink-downlink allocation,
determining a set of contiguous slots or symbols among slots or symbols of the configured uplink-
downlink allocation, wherein the control information indicates a start slot or start symbol and a

length of the set.

A method of operating a network node to schedule a wireless device for transmission or reception, the

method comprising:

- scheduling (110) the wireless device for transmission or reception in at least one slot or symbol,

- determining (120) control information indicating a timing of the scheduled transmission or
reception, wherein the determining is dependent on whether the wireless device is configured with
a semi-static time division duplex, TDD, uplink-downlink allocation or not,

- transmitting (130), to the wireless device, the control information indicating the timing.

The method according to claim 11, wherein the control information is determined to indicate in which

slot or symbol the scheduled transmission or reception starts.

The method according to any of claims 11-12, wherein the control information is determined to indicate

a length of the scheduled transmission or reception.
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The method according to any of claims 11-13, wherein the control information is determined to indicate

in which slot or symbol the scheduled transmission or reception ends.

The method according to any of claims 11-14, wherein the control information is determined to indicate
the timing by reference to a slot or symbol in which the control information is received by the wireless

device.

The method according to any of claims 11-15, wherein the determining (120) of the control information

indicating the timing comprises:

- when the wireless device is not configured with a semi-static TDD uplink-downlink allocation,
determining the control information such that the scheduled at least one slot or symbol can be
determined by the wireless device according to a first function of the control information,

- when the wireless device is configured with a semi-static TDD uplink-downlink allocation,
determining the control information such that the scheduled at least one slot or symbol can be
determined by the wireless device according to a second function of the control information

different from the first function.

The method according to any of claims 11-16, wherein the wireless device is configured with a semi-
static TDD uplink-downlink allocation and is scheduled (110) for transmission, and wherein the control
information is determined (120) such that the wireless device determines the scheduled at least one slot
or symbol only among uplink slots or symbols of the semi-static TDD uplink-downlink allocation based

on the control information.

The method according to any of claims 11-16, wherein the wireless device is configured with a semi-
static TDD uplink-downlink allocation and is scheduled (110) for reception, and wherein the control
information is determined (120) such that the wireless device determines the scheduled at least one slot
or symbol only among downlink slots or symbols of the semi-static TDD uplink-downlink allocation

based on the control information.

A wireless device (500) configured to:

- receive, from a network node, control information indicating a timing of a scheduled transmission
or reception,

- determine at least one slot or symbol for the scheduled transmission or reception based on the

control information indicating the timing, wherein the determining is dependent on whether the
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wireless device is configured with a semi-static time division duplex, TDD, uplink-downlink
allocation or not,

- perform the scheduled transmission or reception in the determined at least one slot or symbol.

The wireless device according to claim 19, configured to receive control information indicating in

which slot or symbol the scheduled transmission or reception starts.

The wireless device according to any of claims 19-20, configured to receive control information

indicating a length of the scheduled transmission or reception.

The wireless device according to any of claims 19-21, configured to receive control information

indicating in which slot or symbol the scheduled transmission or reception ends.

The wireless device according to any of claims 19-22, configured to receive control information

indicating the timing by reference to a slot or symbol in which the control information is received.

The wireless device according to any of claims 19-23, configured to determine the at least one slot or

symbol by:

- when the wireless device is not configured with a semi-static TDD uplink-downlink allocation,
determining a set of slots or symbols according to a first function of the control information,

- when the wireless device is configured with a semi-static TDD uplink-downlink allocation,
determining the set of slots or symbols according to a second function of the control information

different from the first function.

The wireless device according to any of claims 19-24, configured to determine the at least one slot or

symbol by:

- when the wireless device is configured with a semi-static TDD uplink-downlink allocation,
determining a set of slots or symbols in accordance with the indicated timing while taking the semi-

static TDD uplink-downlink allocation into account.

The wireless device according to claim 25, wherein the control information indicates a timing of a
scheduled transmission, the wireless device being configured to determine the set of slots or symbols
in accordance with the indicated timing while taking the semi-static TDD uplink-downlink allocation
into account comprises determining the set of slots or symbols only among uplink slots or symbols of

the semi-static TDD uplink-downlink allocation.
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The wireless device according to claim 25, wherein the control information indicates a timing of a
scheduled reception, the wireless device being configured to determine the set of slots or symbols in
accordance with the indicated timing while taking the semi-static TDD uplink-downlink allocation into
account comprises determining the set of slots or symbols only among downlink slots or symbols of

the semi-static TDD uplink-downlink allocation.

The wireless device according to any of claims 19-27, configured to determine the at least one slot or

symbol by:

- when the wireless device is not configured with a semi-static TDD uplink-downlink allocation,
determining a set of contiguous slots or symbols among slots or symbols of the configured uplink-
downlink allocation, wherein the control information indicates a start slot or start symbol and a

length of the set.

A wireless device (500) comprising a processing circuitry (610) and a memory (630), the memory
containing instructions executable by the processing circuitry whereby the wireless device is configured
to:

- receive, from a network node, control information indicating a timing of a scheduled transmission
or reception,

- determine at least one slot or symbol for the scheduled transmission or reception based on the
control information indicating the timing, wherein the determining is dependent on whether the
wireless device is configured with a semi-static time division duplex, TDD, uplink-downlink
allocation or not,

- perform the scheduled transmission or reception in the determined at least one slot or symbol.

The wireless device of claim 29, wherein the memory contains instructions executable by the
processing circuitry, whereby the wireless device is configured to perform the method of any of

claims 2-10.

A computer program comprising instructions which, when executed by at least one processor of a

wireless device, causes the wireless device to carry out the method of any of claims 1-10.

A carrier containing the computer program of claim 31, wherein the carrier is one of an electronic

signal, optical signal, radio signal, or computer readable storage medium.

A network node (600) configured to schedule a wireless device for transmission or reception, the

network node being further configured to:
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- schedule the wireless device for transmission or reception in at least one slot or symbol,
- determine control information indicating a timing of the scheduled transmission or reception,
wherein the determining is dependent on whether the wireless device is configured with a semi-
static time division duplex, TDD, uplink-downlink allocation or not,

- transmit, to the wireless device, the control information indicating the timing.

The network node according to claim 33, configured to determine the control information to indicate

in which slot or symbol the scheduled transmission or reception starts.

The network node according to any of claims 33-34, configured to determine the control information

to indicate a length of the scheduled transmission or reception.

The network node according to any of claims 33-35, configured to determine the control information

to indicate in which slot or symbol the scheduled transmission or reception ends.

The network node according to any of claims 33-36, configured to determine the control information
to indicate the timing by reference to a slot or symbol in which the control information is received by

the wireless device.

The network node according to any of claims 33-37, configured to determine the control information

indicating the timing by:

- when the wireless device is not configured with a semi-static TDD uplink-downlink allocation,
determining the control information such that the scheduled at least one slot or symbol can be
determined by the wireless device according to a first function of the control information,

- when the wireless device is configured with a semi-static TDD uplink-downlink allocation,
determining the control information such that the scheduled at least one slot or symbol can be
determined by the wireless device according to a second function of the control information

different from the first function.

The network node according to any of claims 33-38, wherein the wireless device is configured with a
semi-static TDD uplink-downlink allocation and wherein the network node is configured to schedule
the wireless device for transmission, and to determine the control information such that the wircless
device determines the scheduled at least one slot or symbol only among uplink slots or symbols of the

semi-static TDD uplink-downlink allocation based on the control information.
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The network node according to any of claims 33-38, wherein the wireless device is configured with a
semi-static TDD uplink-downlink allocation and wherein the network node is configured to schedule
the wireless device for reception, and to determine the control information such that the wireless device
determines the scheduled at least one slot or symbol only among downlink slots or symbols of the semi-

static TDD uplink-downlink allocation based on the control information.

A network node (600) configured to schedule a wireless device for transmission or reception,

comprising a processing circuitry (610) and a memory (630), the memory containing instructions

executable by the processing circuitry whereby the network node is configured to:

- schedule the wireless device for transmission or reception in at least one slot or symbol,

- determine control information indicating a timing of the scheduled transmission or reception,
wherein the determining is dependent on whether the wireless device is configured with a semi-
static time division duplex, TDD, uplink-downlink allocation or not,

- transmit, to the wireless device, the control information indicating the timing.

The network node of claim 41, wherein the memory contains instructions executable by the
processing circuitry, whereby the network node is configured to perform the method of any of claims

12-18.

A computer program comprising instructions which, when executed by at least one processor of a

network node, causes the network node to carry out the method of any of claims 11-18.

A carrier containing the computer program of claim 43, wherein the carrier is one of an electronic

signal, optical signal, radio signal, or computer readable storage medium.
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