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(57) A base station first transmits an uplink grant 102 to a first user equipment (UE), this grant indicating a set of 
resources 101 for the uplink transmission, then receives a scheduling request 103 for an uplink transmission from a 
second UE. The base station transmits an uplink grant 106 to the second UE, this grant indicating resources 105 
overlapping with those already allocated to the first UE. The base station then transmits downlink control 
information (DCI) in format 2_1 to the first UE, this including a suspension indication 104 which indicates that these 
resources are no longer available for its uplink transmission. In a first embodiment, an explicit indication of the 
uplink suspension is included in the DCI payload. In a second embodiment, the CRC of the DCI is scrambled using 
a RNTI allocated specifically for uplink suspension indications. In a third embodiment, the base station transmits an 
RRC signal to a UE instructing it to monitor for DCI on a mini-slot basis or in a search space predefined for 
receiving suspension indications. The system may be used with ultra-reliable low latency communications (URLLC) 
in a 5G New Radio network.
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FIG. 1

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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Resource Allocation

Technical Field

[0001] The following disclosure relates to the allocation of resources for uplink transmission, 
and in particular the sharing of resources between multiple mobile devices.

Background

[0002] Wireless communication systems, such as the third-generation (3G) of mobile 
telephone standards and technology are well known. Such 3G standards and technology 
have been developed by the Third Generation Partnership Project (3GPP). The 3rd 
generation of wireless communications has generally been developed to support macro-cell 
mobile phone communications. Communication systems and networks have developed 
towards a broadband and mobile system.
[0003] In cellular wireless communication systems User Equipment (UE) is connected by a 
wireless link to a Radio Access Network (RAN). The RAN comprises a set of base stations 
which provide wireless links to the UEs located in cells covered by the base station, and an 
interface to a Core Network (CN) which provides overall network control. As will be 
appreciated the RAN and CN each conduct respective functions in relation to the overall 
network. For convenience the term cellular network will be used to refer to the combined 
RAN & CN, and it will be understood that the term is used to refer to the respective system 
for performing the disclosed function.

[0004] The 3rd Generation Partnership Project has developed the so-called Long Term 
Evolution (LTE) system, namely, an Evolved Universal Mobile Telecommunication System 
Territorial Radio Access Network, (E-UTRAN), for a mobile access network where one or 
more macro-cells are supported by a base station known as an eNodeB or eNB (evolved 
NodeB). More recently, LTE is evolving further towards the so-called 5G or NR (new radio) 
systems where one or more cells are supported by a base station known as a gNB. NR is 
proposed to utilise an Orthogonal Frequency Division Multiplexed (OFDM) physical 
transmission format.

[0005] A trend in wireless communications is towards the provision of lower latency and 
higher reliability channels. For example, NR is intended to support Ultra-reliable and low- 
latency communications (URLLC). A user-plane latency of 1ms has been proposed with a 
reliability of 99.99999%). In contrast to URLLC services, enhanced mobile broadband 
(eMBB) services aim to provide high data throughput, but potentially with less stringent 
latency requirements.

[0006] Sharing radio resources between URLLC and eMBB can create conflicts as eMBB 
benefits from allocation of large portions of resources scheduled early, whereas URLLC 
requires small portions of resources, but scheduled at short notice and unpredictably. 
Sharing uplink resources is particularly challenging when seeking to meet latency 
requirements for URLLC and also make efficient use of those resources. Allocating 
resources in all slots for the transmission of URLLC services minimises latency, but is also 
inefficient due to the infrequency and unpredictability of URLLC data transmission. Similarly, 
late allocation of resources for URLLC services may reduce the available resources due to 
earlier allocation of resources to eMBB services. Conflicts between transmissions can lead to 
loss of one or both transmissions and should therefore be avoided.
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[0007] Communications over the physical wireless link are defined by a number channels, 
for example the Physical Downlink Control Channel (PDCCH) which is used to transmit 
control information, in particular Downlink Control Information (DCI), which defines how data 
will be transmitted to the UE over the Physical Downlink Shared Channel (PDSCH). 
Successful reception of data at a UE requires the reception and decoding of the PDCCH and 
the PDSCH channels.

[0008] The DCI is a specific message defined for NR in TS 38.212 and is carried on the 
PDCCH channel. As defined in Section 7.3 of TS 38.212 DCI transports downlink and uplink 
scheduling information, requests for aperiodic CQI reports, or uplink power control 
commands for one cell and one RNTL
[0009] The present invention is seeking to solve at least some of the outstanding problems 
in this domain.

Summary

[0010] This Summary is provided to introduce a selection of concepts in a simplified form 
that are further described below in the Detailed Description. This Summary is not intended to 
identify key features or essential features of the claimed subject matter, nor is it intended to 
be used as an aid in determining the scope of the claimed subject matter.

[0011] There is provided a method of allocating uplink resources in a wireless cellular 
communication network; the method comprising the steps of transmitting an indication from a 
base station to a first UE indicating grant of a first set of resources for an uplink transmission, 
subsequently receiving a scheduling request for an uplink transmission at the base station 
from a second UE, transmitting an indication from the base station to the second UE 
indicating grant of a second set of resources for the second UE’s uplink transmission, 
wherein the second set of resources overlaps with the first set of resources, and transmitting 
a DCI in format 2_1 including a suspension indication from the base station to the first UE 
indicating resources of the first set of resources that are no longer available for the first UE’s 
uplink transmission, wherein the payload of the DCI includes an explicit indication of uplink 
suspension.

[0012] The first UE may determine that the DCI includes a suspension indication for uplink 
resources based on the DCI payload upon decoding the DCI.

[0013] There is also provided a method of allocating uplink resources in a wireless cellular 
communication network; the method comprising the steps of transmitting an indication from a 
base station to a first UE indicating grant of a first set of resources for an uplink transmission, 
subsequently receiving a scheduling request for an uplink transmission at the base station 
from a second UE, transmitting an indication from the base station to the second UE 
indicating grant of a second set of resources for the second UE’s uplink transmission, 
wherein the second set of resources overlaps with the first set of resources, and transmitting 
a DCI in format 2_1 including a suspension indication from the base station to the first UE 
indicating resources of the first set of resources that are no longer available for the first UE’s 
uplink transmission, wherein the CRC of the DCI is scrambled utilising a RNTI allocated 
specifically for uplink suspension indications.

[0014] The first UE may determine that the DCI includes a suspension indication for uplink 
resources based on the RNTI utilised to scramble the CRC.

[0015] There is also provided a method of allocating uplink resources in a wireless cellular 
communication network; the method performed at a base station and comprising the steps of 
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transmitting an RRC signal indicating a UE should monitor for DCI on a mini-slot basis and/or 
on a search space predefined for receiving a DCI including a suspension indication; 
transmitting an indication from a base station to the first UE indicating grant of a first set of 
resources for an uplink transmission, subsequently receiving a scheduling request for an 
uplink transmission from a second UE, transmitting an indication to the second UE indicating 
grant of a second set of resources for the second UE’s uplink transmission, wherein the 
second set of resources overlaps with the first set of resources, and transmitting a DCI in 
format 2_1 including a suspension indication to the first UE indicating resources of the first 
set of resources that are no longer available for the first UE’s uplink transmission.

[0016] When configured to monitor for DCI on a mini-slot basis and/or on a predefined 
search space, the first UE may decode all DCIs in format 2_1 on an assumption they include 
a suspension indication.

[0017] The indication that the UE should monitor for DCI on a mini-slot basis may include a 
monitoring periodicity, and wherein upon receipt of the suspension indication the first UE 
may determine a reference time period based on the monitoring periodicity, the reference 
time period being utilised to interpret the suspension indication.

[0018] Upon receipt of the suspension indication the first UE may suspend or maintain 
transmissions during the slot containing the second set of resources.
[0019] Upon receipt of the suspension indication the first UE may suspend transmission on 
the second set of resources.
[0020] Upon receipt of the suspension indication the first UE may suspend transmissions on 
frequency resources in the second set of resources, and between the start of the respective 
slot and the end of second set of resources, or between the start of the second set of 
resources and the end of the respective slot, whichever is shorter.

[0021] The non-transitory computer readable medium may comprise at least one from a 
group consisting of: a hard disk, a CD-ROM, an optical storage device, a magnetic storage 
device, a Read Only Memory, a Programmable Read Only Memory, an Erasable 
Programmable Read Only Memory, EPROM, an Electrically Erasable Programmable Read 
Only Memory and a Flash memory.

Brief description of the drawings

[0022] Further details, aspects and embodiments of the invention will be described, by way 
of example only, with reference to the drawings. Elements in the figures are illustrated for 
simplicity and clarity and have not necessarily been drawn to scale. Like reference numerals 
have been included in the respective drawings to ease understanding.

Figure 1 shows control and data transmission;

Figure 2 shows data transmission; and

Figures 3 and 4 show examples of reference uplink resource determination.

Detailed description of the preferred embodiments

[0023] Those skilled in the art will recognise and appreciate that the specifics of the 
examples described are merely illustrative of some embodiments and that the teachings set 
forth herein are applicable in a variety of alternative settings.
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[0024] Figure 1 shows an example of scheduling uplink resources for two UEs. UE1 is 
utilising a URLLC service, and UE2 is utilising an eMBB service (in which the principle 
service requirement is capacity).

[0025] At, slot k, the base station allocates all uplink resources 101 in slot n for use by UE2 
and transmits an indication of these resources to UE2 in a DCI 102. Later in slot k UE1 
transmits a scheduling request (SR) 103 to the base station requesting uplink resources for a 
URLLC service. In order to comply with the latency requirements of URLLC resources are 
required to slot n, but those resources have already been allocated to UE2.

[0026] The base station thus transmits a suspension indication 104 to UE2 indicating 
resources 105 which are no longer available to UE2, and transmits an uplink grant indication 
106 to UE1 allocating resources 105 to UE1. Upon receipt of the suspension indication 104 
UE2 modifies its transmissions, as discussed below, during slot n such that the resources 
105 are not utilised. The capacity available for UE2 is thus reduced somewhat, but the 
latency requirements for the URLLC service are able to be met.

[0027] The suspension indication may be transmitted to UE2 utilising a DCI message. In a 
particular example, DCI Format 2_1 as defined in TS 38.212 may be utilised. An appropriate 
mechanism is required to ensure the recipient and purpose of the indication can be 
determined, while ensuring efficient utilisation is made of control resources.

[0028] The opportunities for transmission and receipt of the suspension indication 104 are 
limited by the situation in which it is utilised. The suspension indication can only be 
transmitted once the SR 103 is received from the first UE, and must be transmitted early 
enough that the second UE can process the suspension indication 104 before commencing 
transmissions in the relevant slot. Furthermore, UEs only monitor for DCI at pre-defined 
opportunities in order to conserve power consumption.

[0029] Monitoring periodicity for downlink pre-emption indication is defined in TS 38.331 and 
uses a 2-bit RRC configuration. However, only three possible values are utilised:-

[0030] To allow re-use of the parameter for uplink suspension indication, with increased 
periodicity due to the timing constraints, the spare entry may defined as follows:-

PI periodicity[slots] RDR size[os] Μ, N Time resolution[os]
Agreed values 1 14 {14, 1}{7, 2} 122 28 {14, 1}{7, 2} 244 56 {14, 1}{7, 2} 48Spare - - - -

Spare = Mini-slot (msl7) 7/14 7 {14, 1}{7, 2} 11
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[0032] In order to allow identification of uplink suspension indications the UEs can monitor 
for a DCI with the CRC scrambled by a specific RNTI allocated for the purpose, for example 
a specific UL RNTI may be allocated (as opposed to INT-RNTI utilised for downlink pre
emption indication). The use of an additional RNTI increases monitoring complexity as an 
additional CRC check is required, but this is marginal. More generally, a different PDCCH 
resource, or scrambling of the DCI bits or CRC could be used to provide this indication to 
UE. Also, in case polar coding is used for the DCI, it could be possible to use implicit 
indication through a specific sequence scrambled with one or more reliable data bits of the 
polar code.
[0033] The RRC configuration may also be made more complex as an additional search 
space is required for the uplink suspension indication, there is additional DCI payload size 
configuration and a separate sequence may be defined for indicating, per UL serving cell, the 
position of the 14 bit INT values inside the DCI payload. It may be possible that some 
parameters are shared with other configurations, for example with downlink pre-emption 
indication configuration (for example, the attribute OPTIONAL may be added to the 
parameter configurations in the uplink case). For example, parameters such as 
timeFrequencySet, controlResourceSetld, and monitoringPeriodicity are related to the 
general UE configuration and the same settings can be utilised for, for example, the uplink 
suspension indication and downlink pre-emption indication.

[0034] However, utilising a specific RNTI allows separation of the uplink suspension 
indication from other messages such as downlink pre-emption indication, thus permitting 
different sets of UEs can be configured to monitor for different messages. For example, a 
set of UEs utilising eMBB-type services may be configured to monitor for the uplink 
suspension indication while a different set of UEs utilising eMBB-type services may be 
configured to monitor for the downlink preemption indication, since those UEs are likely to be 
required to modify their transmissions due to a conflicting URLLC transmission.

[0035] The use of a DCI message for uplink suspension indication may be indicated 
implicitly when a UE is configured with mini-slot monitoring (for example the additional setting 
disclosed hereinbefore). Upon such configuration being received a UE may assume that DCI 
messages in the specified format (for example 2_1) relate to uplink suspension indications. 
As noted above a separate sequence may be defined to indicate, per uplink serving cell, the 
position ofthe 14 bit INT values in the DCI payload.

[0036] Such an implicit indication, however, utilises relative slow RRC signalling thus limiting 
opportunities to reconfigure behaviour. In the above example the UE assumes all DCI are 
uplink suspension indications, and the UE is thus unable to receive a downlink pre-emption 
indication which uses the same DCI format.

[0037] However, different types of message may be distinguished by other characteristics. 
For example, only downlink indications may be sent at the beginning of a slot, and only 
uplink indications in the middle of a slot. Alternatively, different search spaces may be 
configured for messages related to the downlink and uplink, but optionally with common 
configuration for RNTI and other parameters. For example downlink indications may be 
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carried in a search space with slot-level periodicity, and uplink indications in a search space 
with mini-slot periodicity.

[0038] A further option is to provide an explicit indication in the DCI. To avoid increasing the 
control overhead an unused bit may be utilised. For example, in DCI format 2_1, a 14-bit 
bitmap may be utilised to indicate suspension ofthe uplink, and pre-emption in the downlink. 
7 bits may be sufficient to indicate the length of suspension, with one of the unrequired bits 
being utilised to indicated whether the value applies to the uplink or downlink. As another 
example, consider X number of serving cells configured for preemption or suspension 
indication, a DCI format 2_1 total size Y bigger than X*14 bits be configured, e.g. in order to 
align the size of several DCI formats. One ofthe extra (Y-X*14) unrequired bits may be 
utilised to indicate whether the DCI regards an uplink suspension or a downlink pre-emption. 
In general, any unused bit in a DCI may be utilised to indicate whether the message relates 
to uplink or downlink. Furthermore, if no unused bits are available, an additional bit, e.g. in 
the form of an additional 1 -bit field Format Indicator in the DCI format 2_1, may be added to 
the message, but this increases the control overhead.

[0039] As set out above the uplink suspension indication indicates previously scheduled 
resources which are no longer available for use. Upon receipt of the indication the UE must 
modify its transmission to avoid interference with other transmissions now allocated to those 
resources.

[0040] The simplest approach is to suspend the whole transmission using the resources, but 
this leads to a significant performance degradation. It is also possible to utilise power control 
in an effort to transmit both transmissions on the same resources, however this may cause 
inter-cell interference, cell coverage reduction, and requires complex base station receivers 
to be able to recover both transmissions.

[0041] The UE may also stop transmissions during the specified resources, but transmit on 
all other resources as planned. The base station may be able to decode the transmissions, 
despite the lost resource elements. If code-book group transmission is on the base station 
will only ask for retransmission ofthe non-decoded groups, thereby minimising re
transmission resources. Similarly, if code-book group transmission is off, and/or decoding of 
the whole transmission is unsuccessful the received signals may be utilised in a soft 
combination with a retransmission or repetition to improve transmission performance.

[0042] Figure 2 shows an example in which a selected part of a transmission is suspended. 
In particular, the largest part of the transmission around the unavailable resources is 
transmitted, but the overlapping and smaller parts are not transmitted, thus reducing energy 
consumption. In the example of Figure 2 the re-allocated resources are utilised by a different 
UE making a URLLC transmission, and the longer part of overlapping transmissions is made 
as planned. The base station may utilise received signals in soft combination with later 
repetitions or retransmissions. This technique can be improved by the base station 
scheduling URLLC transmissions near or at the start/end of slots to minimise the resources 
that are not available.

[0043] A UE may also re-encode data around the unavailable resources. For example, a 
smaller transport block may be encoded, or the same transport may be transmitted but rate- 
matched around the unavailable resources. Sufficient channel quality and time to re-encode 
are required for this approach however. Such an approach may present processing and 
latency challenges.
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[0044] Also, instead of indicating the suspension of transmission, uplink suspension 
indication may be used reversely to indicate suspension when not received while upon 
receipt from second UE its transmission can occur as scheduled. That requires that 
suspension indication is only not transmitted if a scheduling request from second UE is 
received at base station after the first UE transmission has been scheduled. For example, if 
suspension indication is detected, first UE may continue its transmission; otherwise UE 
mutes its transmission within the slot. In another example if suspension indication is decoded 
and its bitmap indicates no suspension (e.g. all bits are zero), first UE continues its 
scheduled transmission; otherwise UE mutes the whole or part of its transmission within the 
slot. Such an approach may present an advantage on the reliable transmission of the first UE 
scheduled resources since a missed detection or decoding of suspension indication will not 
lead into collision between transmissions of the two UEs.

[0045] The suspension indication may be interpreted with respect to a Reference Uplink 
Resource (RUR). The RUR may be determined according to the following rules, and as 
shown in Figure 3 for a 1 -slot SI monitoring periodicity:-

• The frequency region of the reference uplink resource for pre-emption indication 
is the active UL BWP

• When a SI is detected, the time location of the corresponding RUR is 
determined by:
FDD case:-

• The RUR starts at the 1st symbol the of the next CORESET for 
SI monitoring, and

• ends right before the second next CORESET for SI monitoring. 
TDD case:-

• The RUR starts at the nth symbol the after the current 
CORESET for SI monitoring (excluding DL slots, where n is the 
SI periodicity), and

• ends right before the next CORESET for SI monitoring after 
the starting point.

[0046] The aforementioned RUR time determination covers the case where the uplink 
suspension indication is received at the UE resources to be interrupted before its 
transmission started. In case the uplink suspension indication is received after the UE 
transmission is started, time determination for RUR will be analogous to the RDR definition. 
[0047] However, there has to be found a way to commonly determine the RUR for both 
cases: a) SI received after UE transmission has started, b) before UE transmission has 
started. For this reason, the SI reference time should cover the duration of 
2*SI_monitoring_periodicity to cover both cases as shown in Figure 4.
[0048] When a suspension indication is detected, the time location of the corresponding 
RUR is determined by:

• The RUR starts at the 1st symbol the of the current CORESET for SI monitoring, 
and

• ends right before the second next CORESET for SI monitoring.

[0049] That is the referenced time determination is based on the duration of 
2*SI_monitoring_periodicity.
[0050] Generally, search space is defined as a resource space where UE-specific, GO 
(Group common)- or Common- DCI can be transmitted by gNB and blindly decoded 
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(searched) by UE. The official definition is: “A PDCCH search space at CCE AL L is defined 
by a set of PDCCH candidates for this CCE AL.” where:-

• The physical downlink control channel (PDCCH) is a physical channel that carries 
downlink control information (DCI).

• A PDCCH consists of one or more CCEs (e.g. Le{1,2,4,8}). This number is defined 
as the CCE aggregation level (AL).

• For PDCCH blind decoding, the set of ALs and the number of PDCCH candidates 
per CCE AL per DCI format size that the UE monitors can be configured

[0051] The invention has been described with respect to the examples and scenarios 
mentioned above. However, the invention may also apply to other situations and scenarios, 
such as for example, indication existence of very small packets of, e.g., gaming or remote 
control, services transmitted in similar way as pre-empting ongoing transmissions.

[0052] Although not shown in detail any of the devices or apparatus that form part of the 
network may include at least a processor, a storage unit and a communications interface, 
wherein the processor unit, storage unit, and communications interface are configured to 
perform the method of any aspect of the present invention. Further options and choices are 
described below.

[0053] The signal processing functionality of the embodiments of the invention especially the 
gNB and the UE may be achieved using computing systems or architectures known to those 
who are skilled in the relevant art. Computing systems such as, a desktop, laptop or 
notebook computer, hand-held computing device (PDA, cell phone, palmtop, etc.), 
mainframe, server, client, or any other type of special or general purpose computing device 
as may be desirable or appropriate for a given application or environment can be used. The 
computing system can include one or more processors which can be implemented using a 
general or special-purpose processing engine such as, for example, a microprocessor, 
microcontroller or other control module.

[0054] The computing system can also include a main memory, such as random access 
memory (RAM) or other dynamic memory, for storing information and instructions to be 
executed by a processor. Such a main memory also may be used for storing temporary 
variables or other intermediate information during execution of instructions to be executed by 
the processor. The computing system may likewise include a read only memory (ROM) or 
other static storage device for storing static information and instructions for a processor.

[0055] The computing system may also include an information storage system which may 
include, for example, a media drive and a removable storage interface. The media drive may 
include a drive or other mechanism to support fixed or removable storage media, such as a 
hard disk drive, a floppy disk drive, a magnetic tape drive, an optical disk drive, a compact 
disc (CD) or digital video drive (DVD) read or write drive (R or RW), or other removable or 
fixed media drive. Storage media may include, for example, a hard disk, floppy disk, 
magnetic tape, optical disk, CD or DVD, or other fixed or removable medium that is read by 
and written to by media drive. The storage media may include a computer-readable storage 
medium having particular computer software or data stored therein.

[0056] In alternative embodiments, an information storage system may include other similar 
components for allowing computer programs or other instructions or data to be loaded into 
the computing system. Such components may include, for example, a removable storage 
unit and an interface , such as a program cartridge and cartridge interface, a removable 
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memory (for example, a flash memory or other removable memory module) and memory 
slot, and other removable storage units and interfaces that allow software and data to be 
transferred from the removable storage unit to computing system.

[0057] The computing system can also include a communications interface. Such a 
communications interface can be used to allow software and data to be transferred between 
a computing system and external devices. Examples of communications interfaces can 
include a modem, a network interface (such as an Ethernet or other NIC card), a 
communications port (such as for example, a universal serial bus (USB) port), a PCMCIA slot 
and card, etc. Software and data transferred via a communications interface are in the form 
of signals which can be electronic, electromagnetic, and optical or other signals capable of 
being received by a communications interface medium.

[0058] In this document, the terms ‘computer program product’, ‘computer-readable medium’ 
and the like may be used generally to refer to tangible media such as, for example, a 
memory, storage device, or storage unit. These and other forms of computer-readable 
media may store one or more instructions for use by the processor comprising the computer 
system to cause the processor to perform specified operations. Such instructions, generally 
referred to as ‘computer program code’ (which may be grouped in the form of computer 
programs or other groupings), when executed, enable the computing system to perform 
functions of embodiments of the present invention. Note that the code may directly cause a 
processor to perform specified operations, be compiled to do so, and/or be combined with 
other software, hardware, and/or firmware elements (e.g., libraries for performing standard 
functions) to do so.

[0059] The non-transitory computer readable medium may comprise at least one from a 
group consisting of: a hard disk, a CD-ROM, an optical storage device, a magnetic storage 
device, a Read Only Memory, a Programmable Read Only Memory, an Erasable 
Programmable Read Only Memory, EPROM, an Electrically Erasable Programmable Read 
Only Memory and a Flash memory

[0060] In an embodiment where the elements are implemented using software, the software 
may be stored in a computer-readable medium and loaded into computing system using, for 
example, removable storage drive. A control module (in this example, software instructions 
or executable computer program code), when executed by the processor in the computer 
system, causes a processor to perform the functions of the invention as described herein.

[0061] Furthermore, the inventive concept can be applied to any circuit for performing signal 
processing functionality within a network element. It is further envisaged that, for example, a 
semiconductor manufacturer may employ the inventive concept in a design of a stand-alone 
device, such as a microcontroller of a digital signal processor (DSP), or application-specific 
integrated circuit (ASIC) and/or any other sub-system element.

[0062] It will be appreciated that, for clarity purposes, the above description has described 
embodiments of the invention with reference to a single processing logic. However, the 
inventive concept may equally be implemented by way of a plurality of different functional 
units and processors to provide the signal processing functionality. Thus, references to 
specific functional units are only to be seen as references to suitable means for providing the 
described functionality, rather than indicative of a strict logical or physical structure or 
organisation.
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[0063] Aspects of the invention may be implemented in any suitable form including 
hardware, software, firmware or any combination of these. The invention may optionally be 
implemented, at least partly, as computer software running on one or more data processors 
and/or digital signal processors or configurable module components such as FPGA devices. 
Thus, the elements and components of an embodiment of the invention may be physically, 
functionally and logically implemented in any suitable way. Indeed, the functionality may be 
implemented in a single unit, in a plurality of units or as part of other functional units.

[0064] Although the present invention has been described in connection with some 
embodiments, it is not intended to be limited to the specific form set forth herein. Rather, the 
scope of the present invention is limited only by the accompanying claims. Additionally, 
although a feature may appear to be described in connection with particular embodiments, 
one skilled in the art would recognize that various features of the described embodiments 
may be combined in accordance with the invention. In the claims, the term ‘comprising’ does 
not exclude the presence of other elements or steps.

[0065] Furthermore, although individually listed, a plurality of means, elements or method 
steps may be implemented by, for example, a single unit or processor. Additionally, although 
individual features may be included in different claims, these may possibly be 
advantageously combined, and the inclusion in different claims does not imply that a 
combination of features is not feasible and/or advantageous. Also, the inclusion of a feature 
in one category of claims does not imply a limitation to this category, but rather indicates that 
the feature is equally applicable to other claim categories, as appropriate.

[0066] Furthermore, the order of features in the claims does not imply any specific order in 
which the features must be performed and in particular the order of individual steps in a 
method claim does not imply that the steps must be performed in this order. Rather, the 
steps may be performed in any suitable order. In addition, singular references do not 
exclude a plurality. Thus, references to ‘a’, ‘an’, ‘first’, ‘second’, etc. do not preclude a 
plurality.

[0067] Although the present invention has been described in connection with some 
embodiments, it is not intended to be limited to the specific form set forth herein. Rather, the 
scope of the present invention is limited only by the accompanying claims. Additionally, 
although a feature may appear to be described in connection with particular embodiments, 
one skilled in the art would recognise that various features of the described embodiments 
may be combined in accordance with the invention. In the claims, the term ‘comprising’ or 
“including” does not exclude the presence of other elements.
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Claims

1. A method of allocating uplink resources in a wireless cellular communication 
network; the method comprising the steps of

transmitting an indication from a base station to a first UE indicating grant of a first 
set of resources for an uplink transmission,

subsequently receiving a scheduling request for an uplink transmission at the base 
station from a second UE,

transmitting an indication from the base station to the second UE indicating grant of a 
second set of resources for the second UE’s uplink transmission, wherein the second set of 
resources overlaps with the first set of resources, and

transmitting a DCI in format 2_1 including a suspension indication from the base 
station to the first UE indicating resources of the first set of resources that are no longer 
available for the first UE’s uplink transmission, wherein the payload of the DCI includes an 
explicit indication of uplink suspension.

2. A method according to claim 1, wherein the first UE determines that the DCI 
includes a suspension indication for uplink resources based on the DCI payload upon 
decoding the DCI.

3. A method of allocating uplink resources in a wireless cellular communication 
network; the method comprising the steps of

transmitting an indication from a base station to a first UE indicating grant of a first 
set of resources for an uplink transmission,

subsequently receiving a scheduling request for an uplink transmission at the base 
station from a second UE,

transmitting an indication from the base station to the second UE indicating grant of a 
second set of resources for the second UE’s uplink transmission, wherein the second set of 
resources overlaps with the first set of resources, and

transmitting a DCI in format 2_1 including a suspension indication from the base 
station to the first UE indicating resources of the first set of resources that are no longer 
available for the first UE’s uplink transmission, wherein the CRC of the DCI is scrambled 
utilising a RNTI allocated specifically for uplink suspension indications.

4. A method according to claim 3, wherein the first UE determines that the DCI 
includes a suspension indication for uplink resources based on the RNTI utilised to scramble 
the CRC.

5. A method of allocating uplink resources in a wireless cellular communication 
network; the method performed at a base station and comprising the steps of

transmitting an RRC signal indicating a UE should monitor for DCI on a mini-slot 
basis and/or on a search space predefined for receiving a DCI including a suspension 
indication;

transmitting an indication from a base station to the first UE indicating grant of a first 
set of resources for an uplink transmission,
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subsequently receiving a scheduling request for an uplink transmission from a 
second UE,

transmitting an indication to the second UE indicating grant of a second set of 
resources for the second UE’s uplink transmission, wherein the second set of resources 
overlaps with the first set of resources, and

transmitting a DCI in format 2_1 including a suspension indication to the first UE 
indicating resources of the first set of resources that are no longer available for the first UE’s 
uplink transmission.

6. A method according to claim 5, wherein, when configured to monitor for DCI 
on a mini-slot basis and/or on a predefined search space, the first UE decodes all DCIs in 
format 2_1 on an assumption they include a suspension indication.

7. A method according to any preceding claim, wherein the indication that the 
UE should monitor for DCI on a mini-slot basis includes a monitoring periodicity, and wherein 
upon receipt of the suspension indication the first UE determines a reference time period 
based on the monitoring periodicity, the reference time period being utilised to interpret the 
suspension indication.

8. A method according to any preceding claim, wherein upon receipt of the 
suspension indication the first UE suspends or maintains transmissions during the slot 
containing the second set of resources.

9. A method according to any of claims 1 to 7, wherein upon receipt of the 
suspension indication the first UE suspends transmission on the second set of resources.

10. A method according to any of claims 1 to 7, wherein upon receipt of the 
suspension indication the first UE suspends transmissions on frequency resources in the 
second set of resources, and between the start of the respective slot and the end of second 
set of resources, or between the start of the second set of resources and the end of the 
respective slot, whichever is shorter.

12
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