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NETWORK NODE, USER DEVICE AND
METHODS THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/EP2016/066667, filed on Jul. 13,
2016, which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] Embodiments of the present invention relate to a
network node and a user device. Furthermore, the present
invention also relates to corresponding methods, a computer
program, and a computer program product.

BACKGROUND

[0003] In typical wireless networks, such as in long-term
evolution (LTE), the selection of shared physical channels
for uplink (UL) data transmission is based on a scheduling
(or grant) mechanism. Such a mechanism takes place at a
base station (BS). In particular, a user equipment (UE) sends
scheduling requests or grants to the BS on an UL control
channel. Upon receiving the scheduling requests or grants,
the BS transmits UL grants to the UE on a downlink (DL)
control channel indicating the resource allocation for UL
data transmission. Such resources may e.g. be time, fre-
quency, code channels, etc. Thereafter, the UE transmit UL
data on such granted resources.

[0004] In traditional contention based approaches trans-
mission medium access is not controlled and thus transmis-
sions using same physical resources can collide in a way that
transmissions cannot be received successfully.

[0005] A conventional solution has been proposed which
describes a scheme for grant-free UL data transmission.
However, this conventional solution is a contention based
scheme, similar to that used in IEEE 802.11 standard. In
particular, in the conventional solution the network defines
the physical resources for contention based UL data trans-
mission in terms of time, frequency and/or code domain.
This allows for sending data packets without scheduling and
associated allocation signalling latency. However, conten-
tion based access schemes are inefficient in terms of usage
of physical resources due to the high risk of colliding UL
data transmissions. Hence, the conventional solution is not
appropriate for users generating high traffic loads.

[0006] The limitation of schemes that are based on sched-
uling or grant request is the large signalling overhead,
especially in cases where the UL data transmitted is small.
As an example, for data packets as small as 20 bytes, the
resources used by typical mechanisms based on scheduling
or grant requests is around 30% or even 50%. Another
limitation of such schemes is the high latency between the
scheduling request and the acknowledged transmissions. For
example, in LTE the UE first has to inform network about
need for uplink resources by scheduling request in next
possible occasion on uplink control channel. Then the UE
has to wait for possible uplink allocation. Once the uplink
allocation is received, the UE has to still wait for allocated
subframe and acknowledgement after the transmission.
Reduction of such latencies caused by such scheduling
related signalling is critical for delay sensitive communica-
tions.
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[0007] The limitations of contention based solutions are
always associated with the high risk of UL data collisions.
In case of UL data collision, data cannot be decoded
correctly and retransmissions are needed. This increases the
latency and makes contention based schemes unattractive
for delay sensitive communications. Moreover, contention
based mechanisms are inefficient in terms of usage of radio
resources since the capacity for UL data transmission needs
to be larger than that actually used in order to have a low
collision probability. Due to this, contention based mecha-
nisms are best suited for small occasional transmissions.

SUMMARY

[0008] An objective of embodiments of the present inven-
tion is to provide a solution which mitigates or solves the
drawbacks and problems of conventional solutions.

[0009] Another objective of embodiments of the present
invention is to provide a system and a method for grant-free
UL transmissions that overcome the limitation of contention
based solutions. This allows for efficient grant-free trans-
missions regardless of the packet sizes and data loads
without decreasing network performance in the wireless
communication system.

[0010] An “or” in this description and the corresponding
claims is to be understood as a mathematical OR which
covers “and” and “or”, and is not to be understand as an
XOR (exclusive OR).

[0011] The indefinite article “a” in this disclosure and
claims is not limited to “one” and can also be understood as
“one or more”, i.e., plural.

[0012] The above objectives are solved by the subject
matter of the independent claims. Further advantageous
implementation forms of the present invention can be found
in the dependent claims.

[0013] According to a first aspect of the invention, the
above mentioned and other objectives are achieved with a
network node for a wireless communication system, the
network node comprising:

[0014] a transceiver configured to:

[0015] receive a plurality of reference signals associated
with a plurality of user devices;

a processor configured to:

[0016] group the plurality of user devices into at least one
group of user devices based on the plurality of received
reference signals,

[0017] assign radio resources for grant-free data transmis-
sion to the group of user devices,

[0018] compute a receiver filter for the group of user
devices based on the plurality of received reference signals
and the assigned radio resources;

wherein the transceiver is configured to:

[0019] receive a plurality of grant-free data transmissions
from user devices in the group of user devices in the
assigned radio resources,

wherein the processor is configured to:

[0020] separate the grant-free data transmissions from the
user devices in the group of user devices based on the
computed receiver filter.

[0021] A number of advantages are provided by a network
node according to the first aspect. By grouping user devices
into one or more groups and computing the receiver filter,
ultra-low collision probability is achieved which provides
high spectral efficiency. Further, with grant free transmis-
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sions, low latency can be achieved due to lack of scheduling
requests and scheduling latencies as in conventional solu-
tions.

[0022] In a first possible implementation form of a net-
work node according to the first aspect, the processor is
configured to:

[0023] determine a first control message for at least one
user device of the group of user devices, wherein the first
control message indicates the assigned radio resources,
wherein the transceiver is configured to:

[0024] transmit the first control message to the user
device.
[0025] The first implementation form provides a signal-

ling mechanism for informing the user device of the indi-
cated assigned radio resources for the grant free transmis-
sions.

[0026] In a second possible implementation form of a
network node according to the first implementation form of
the first aspect or to the first aspect as such, the processor is
configured to:

[0027] derive location information for the plurality of user
devices based on the plurality of received reference signals,
[0028] group the plurality of user devices based on the
derived location information for the plurality of user
devices.

[0029] The second implementation form enables user
device location based grouping. This method of using loca-
tion information can be used to separate (in the spatial
domain) simultaneous grant-free transmissions occurring on
the same time-frequency-code resources, and thereby
improve spectral efficiency. This is especially the case when
line-of-sight propagation between the user devices and the
network node is at hand.

[0030] In a possible implementation form of a network
node according to any of the preceding implementation
forms of the first aspect or to the first aspect as such, the
processor is configured to:

[0031] derive spatial correlation of the plurality of
received reference signals,

[0032] group the plurality of user devices based on the
derived spatial correlation.

[0033] In this implementation form, by using spatial cor-
relation, the user devices can be spatially grouped. Thereby,
transmission collision can be minimized and spectral effi-
ciency further improved. This is especially the case when
there are not enough degrees of freedom for serving all
active user devices simultaneously in e.g. a multi-user
MIMO system.

[0034] In a third possible implementation form of a net-
work node according to the first or the second implemen-
tation form of the first aspect, the processor is configured to:
[0035] determine at least one Modulation and Coding
Scheme, MCS, based on the plurality of received reference
signals,

[0036] wherein the transceiver is configured to:

[0037] transmit a second control message to the user
device, wherein the second control message indicates the
MCS to be used by the user device in the grant-free data
transmission.

[0038] By determining the MCSs to be used by the user
devices based on the received reference signals improved
spectral efficiency is achieved.

[0039] In a fourth possible implementation form of a
network node according to the third implementation form of
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the first aspect, the second control message further indicates
a MCS update instruction instructing the user device to
update the MCS for the grant-free data transmission.
[0040] The fourth implementation form further provides a
MCS updating mechanism for adapting the MCS to chang-
ing propagation and/or interference conditions. Thereby,
improved spectral efficiency is enabled.

[0041] In a fifth possible implementation form of a net-
work node according to the third or the fourth implemen-
tation form of the first aspect, the second control message
further indicates different or multiple MCSs to be used by
the user device for different radio resources in the grant-free
data transmission.

[0042] The fifth implementation form optimizes spectral
efficiency by associating different radio resources with dif-
ferent MCSs since the channel conditions and/or interfer-
ence conditions for different radio resources will be different
for the same user device.

[0043] In a sixth possible implementation form of a net-
work node according to any of the preceding implementa-
tion forms of the first aspect or to the first aspect as such, the
processor is configured to:

[0044] group at least one user device of the plurality of
user devices into at least two different groups of user
devices.

[0045] The sixth implementation form provides a mecha-
nism for giving different user devices different amount of
radio resources. For example, an active user device can be
given more radio resource than a user device which is less
active. Thereby, improved spectral efficiency is enabled.
[0046] In a seventh possible implementation form of a
network node according to any of the preceding implemen-
tation forms of the first aspect or to the first aspect as such,
the processor is configured to:

[0047] estimate inter-arrival times for data packets in the
plurality of received grant-free data transmissions from the
user devices in the group of user devices,

[0048] re-compute the receiver filter for the group of user
device based on the plurality of received reference signals
and the estimated inter-arrival times.

[0049] The seventh implementation form makes use of
estimates of inter-arrival times of received data packets for
computing the receiver filter. Thereby, activity levels
derived from the estimates of inter-arrival times for the user
devices are used in the receiver filter computation for
improved spectral efficiency.

[0050] In an eight possible implementation form of a
network node according to any of the preceding implemen-
tation forms of the first aspect or to the first aspect as such,
the transceiver is configured to:

[0051] receive a plurality of new reference signals asso-
ciated with the plurality of user devices,

wherein the processor is configured to:

[0052] re-compute the receiver filter for the group of user
devices based on the plurality of received new reference
signals.

[0053] The eight implementation form uses updated chan-
nel state information derived from the new received refer-
ence signals for computing the receiver filter. Thereby,
improved spectral efficiency is enabled since the receiver
filter is adapted to changing propagation and/or interference
conditions.
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[0054] In a ninth possible implementation form of a net-
work node according to any of the preceding implementa-
tion forms of the first aspect or to the first aspect as such, the
transceiver is configured to:

[0055] receive a plurality of new reference signals asso-
ciated with the plurality of user devices,

wherein the processor is configured to:

[0056] re-group the plurality of user devices into at least
one new group of user devices based on the plurality of
received new reference signals.

[0057] The ninth implementation form provides a mecha-
nism for grouping which considers the movement of the user
devices. Thereby, improving spectral efficiency is enabled.
[0058] In a tenth possible implementation form of a net-
work node according to any of the preceding implementa-
tion forms of the first aspect or to the first aspect as such,
wherein assigned radio resources for different groups of user
devices are orthogonal to each other.

[0059] The tenth implementation form reduces or fully
removes inter-group interference by the use of orthogonal
radio resources for different groups.

[0060] According to a second aspect of the invention, the
above mentioned and other objectives are achieved with a
user device for a wireless communication system, the user
device comprising

a transceiver configured to:

[0061] transmit at least one reference signal to a network
node,
[0062] receive a first control message from the network

node, wherein the first control message indicates radio
resources for grant-free data transmission,

[0063] receive a second control message from the network
node, wherein the second control message indicates at least
one MCS associated with the indicated radio resources,
[0064] transmit data packets to the network node in the
indicated radio resources for grant-free data transmission
using the indicated MCS.

[0065] A number of advantages are provided by a user
device according to the second aspect. The user device
according to the second aspect enable grant free transmis-
sions implying low latency due to lack of scheduling request
and scheduling latencies. Further, transmission in the indi-
cated radio resources will lead to coordinated interference.
By transmitting in the indicated MCS improved spectral
efficiency is also enabled.

[0066] In a first possible implementation form of a user
device according to the second aspect, the second control
message further indicates a MCS update instruction instruct-
ing the user device to update the MCS for the grant-free data
transmission, wherein the transceiver is configured to:
[0067] transmit data packets to the network node in the
indicated radio resources using the another MCS.

[0068] The first implementation form further provides a
MCS updating mechanism for adapting to changing propa-
gation and/or interference conditions. Thereby, improved
spectral efficiency is enabled.

[0069] In a second possible implementation form of a user
device according to the first possible implementation form
of the second aspect or to the first aspect as such, the second
control message further indicates different or multiple MCSs
to be used by the user device for different radio resources in
the grant-free data transmission,
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[0070] wherein the transceiver is configured to:

[0071] transmit data packets to the network node in the
indicated radio resources using the MCSs for different radio
resources.

[0072] The second implementation form optimize spectral
efficiency by associating different radio resources to differ-
ent MCSs since the channel conditions for different radio
resources will be different for the same user device.
[0073] According to a third aspect of the invention, the
above mentioned and other objectives are achieved with a
method comprising:

[0074] receiving a plurality of reference signals associated
with a plurality of user devices, grouping the plurality of
user devices into at least one group of user devices based on
the plurality of received reference signals,

[0075] assigning radio resources for grant-free data trans-
mission to the group of user devices,

[0076] computing a receiver filter for the group of user
devices based on the plurality of received reference signals
and the assigned radio resources,

[0077] receiving a plurality of grant-free data transmis-
sions from user devices in the group of user devices in the
assigned radio resources,

[0078] separating the grant-free data transmissions from
the user devices in the group of user devices based on the
computed receiver filter.

[0079] Ina first possible implementation form of a method
according to the third aspect, the method comprising:
[0080] determining a first control message for at least one
user device of the group of user devices, wherein the first
control message indicates the assigned radio resources,

[0081] transmitting the first control message to the user
device.
[0082] In a second possible implementation form of a

method according to the first implementation form of the
third aspect or to the third aspect as such, the method
comprising:

[0083] deriving location information for the plurality of
user devices based on the plurality of received reference
signals,

[0084] grouping the plurality of user devices based on the
derived location information for the plurality of user
devices.

[0085] In a possible implementation form of a method
according to any of the preceding implementation forms of
the third aspect or to the third aspect as such, the method
comprising:

[0086] deriving spatial correlation of the plurality of
received reference signals,

[0087] grouping the plurality of user devices based on the
derived spatial correlation.

[0088] In a third possible implementation form of a
method according to the first or the second implementation
form of the third aspect, the method comprising:

[0089] determining at least one Modulation and Coding
Scheme, MCS, based on the plurality of received reference
signals,

[0090] transmitting a second control message to the user
device, wherein the second control message indicates the
MCS to be used by the user device in the grant-free data
transmission.

[0091] In a fourth possible implementation form of a
method according to the third implementation form of the
third aspect, the second control message further indicates a
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MCS update instruction instructing the user device to update
the MCS for the grant-free data transmission.

[0092] Ina fifth possible implementation form of a method
according to the third or the fourth implementation form of
the third aspect, the second control message further indicates
different or multiple MCSs to be used by the user device for
different radio resources in the grant-free data transmission.
[0093] In a sixth possible implementation form of a
method according to any of the preceding implementation
forms of the third aspect or to the third aspect as such, the
method comprising:

[0094] grouping at least one user device of the plurality of
user devices into at least two different groups of user
devices.

[0095] In a seventh possible implementation form of a
method according to any of the preceding implementation
forms of the third aspect or to the third aspect as such, the
method comprising:

[0096] estimating inter-arrival times for data packets in the
plurality of received grant-free data transmissions from the
user devices in the group of user devices,

[0097] re-computing the receiver filter for the group of
user device based on the plurality of received reference
signals and the estimated inter-arrival times.

[0098] In an eight possible implementation form of a
method according to any of the preceding implementation
forms of the third aspect or to the third aspect as such, the
method comprising:

[0099] receiving a plurality of new reference signals asso-
ciated with the plurality of user devices,

[0100] re-computing the receiver filter for the group of
user devices based on the plurality of received new reference
signals.

[0101] In a ninth possible implementation form of a
method according to any of the preceding implementation
forms of the third aspect or to the third aspect as such, the
method comprising:

[0102] receiving a plurality of new reference signals asso-
ciated with the plurality of user devices,

[0103] re-grouping the plurality of user devices into at
least one new group of user devices based on the plurality of
received new reference signals.

[0104] In a tenth possible implementation form of a
method according to any of the preceding implementation
forms of the third aspect or to the third aspect as such,
wherein assigned radio resources for different groups of user
devices are orthogonal to each other.

[0105] According to a fourth aspect of the invention, the
above mentioned and other objectives are achieved with a
method comprising:

[0106] transmitting at least one reference signal to a
network node,
[0107] receiving a first control message from the network

node, wherein the first control message indicates radio
resources for grant-free data transmission,

[0108] receiving a second control message from the net-
work node, wherein the second control message indicates at
least one MCS associated with the indicated radio resources,
[0109] transmitting data packets to the network node in the
indicated radio resources using the indicated MCS.

[0110] In a first possible implementation form of a method
according to the fourth aspect, the second control message
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further indicates a MCS update instruction instructing to
update the MCS for the grant-free data transmission, the
method comprising:

transmitting data packets to the network node in the indi-
cated radio resources using the another MCS.

[0111] In a second possible implementation form of a
method according to the first possible implementation form
of the fourth aspect or to the fourth aspect as such, the
second control message further indicates different or mul-
tiple MCSs to be used for different radio resources in the
grant-free data transmission, the method comprising:
[0112] transmitting data packets to the network node in the
indicated radio resources using the MCSs for different radio
resources.

[0113] The advantages of any method according to the
third or fourth aspect is the same as those for the corre-
sponding network node or user device according to the first
or second aspect.

[0114] Embodiments of the invention also relates to a
computer program, characterized in code means, which
when run by processing means causes said processing means
to execute any method according to the present invention.
Further, the invention also relates to a computer program
product comprising a computer readable medium and said
mentioned computer program, wherein said computer pro-
gram is included in the computer readable medium, and
comprises of one or more from the group: ROM (Read-Only
Memory), PROM (Programmable ROM), EPROM (Eras-
able PROM), Flash memory, EEPROM (Electrically
EPROM) and hard disk drive.

[0115] Further applications and advantages of the present
invention will be apparent from the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0116] The appended drawings are intended to clarify and
explain different embodiments of the present invention, in
which:

[0117] FIG. 1 shows a network node according to an
embodiment of the invention.

[0118] FIG. 2 shows a flow chart of a method according to
an embodiment of the invention.

[0119] FIG. 3 shows a user device according to an embodi-
ment of the invention.

[0120] FIG. 4 shows a flow chart of a method according to
an embodiment of the invention.

[0121] FIG. 5 illustrates embodiments of the invention in
a wireless communication system.

[0122] FIG. 6 shows a flow chart of an embodiment of the
invention.

[0123] FIG. 7 shows a flow chart of an embodiment of the
invention.

[0124] FIG. 8 illustrates orthogonal radio resources for
two different groups of user devices.

[0125] FIG. 9 illustrates receiver filter optimization.
[0126] FIG. 10 illustrates signalling aspects of embodi-
ments of the invention.

[0127] FIG. 11 shows performance results of embodi-
ments of the invention.

DETAILED DESCRIPTION

[0128] Embodiments of the invention relate to a network
node, a user device and corresponding methods which make
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it possible for user devices to transmit in a grant-free manner
and without resorting to contention based transmissions.
[0129] FIG. 1 shows a network node 100 according to an
embodiment of the invention. The network node 100 com-
prises a transceiver 102 communicably coupled to a proces-
sor 104 with communication means 110 illustrated with the
arrow in FIG. 1. The network node 100 in this embodiment
further comprises an antenna 106 configured for wireless
communications in a wireless communication system 500,
such as e.g. LTE. The antenna may e.g. be a multi-user
multiple input multiple output (MU-MIMO) capable
antenna array.

[0130] According to the present solution, the transceiver
102 of the network node 100 is configured to receive a
plurality of reference signals 502a, 5025, . . . , 502n
associated with a plurality of user devices 300a, 3005, . . .
, 3007 (see FIG. 5). The processor 104 of the network node
100 is configured to group the plurality of user devices 300aq,
3005, . .., 300 into at least one group of user devices 310»
based on the plurality of received reference signals 502a,
5025, . .., 502n. The processor 104 is further configured to
assign radio resources for grant-free data transmission to the
group of user devices 310n. The processor 104 is further
configured to compute a receiver filter 106 for the group of
user devices 310n based on the plurality of received refer-
ence signals 502a, 5025, . . ., 502x and the assigned radio
resources. The transceiver 102 is further configured to
receive a plurality of grant-free data transmissions from user
devices 300% in the group of user devices 310z in the
assigned radio resources. The processor 104 is further con-
figured to separate the grant-free data transmissions from the
user devices 300z in the group of user devices based on the
computed receiver filter 106. It is illustrated in FIG. 1 how
the processor 104 can group the user devices into one or
more groups of user devices 310a, 3105, . . ., 310n.
[0131] FIG. 2 shows a corresponding method 200 accord-
ing to an embodiment of the invention which may be
executed in a network node 100, such as the one shown in
FIG. 1. The method 200 comprises receiving 202 a plurality
of reference signals 502a, 5025, . . ., 502# associated with
a plurality of user devices 300a, 3005, . . . , 300n. The
method 200 further comprises grouping 204 the plurality of
user devices 300a, 3005, . . . , 300z into at least one group
of user devices 310n based on the plurality of received
reference signals 502a, 5024, . . ., 502n. The method 200
further comprises assigning 206 radio resources for grant-
free data transmission to the group of user devices 3107. The
method 200 further comprises computing 208 a receiver
filter 106 for the group of user devices 310r based on the
plurality of received reference signals 502a, 5025, . .., 502n
and the assigned radio resources. The method 200 further
comprises receiving 210 a plurality of grant-free data trans-
missions from user devices 3007 in the group of user devices
310z in the assigned radio resources. The method 200
further comprises separating 212 the grant-free data trans-
missions from the user devices 3007 in the group of user
devices based on the computed receiver filter 106.

[0132] A network node 100 described herein may also be
denoted as an access node or an access point or a base
station, e.g., a Radio Base Station (RBS), which in some
networks may be referred to as transmitter, “eNB”, “eNo-
deB”, “NodeB”, “gNB” or “B node”, depending on the
technology and terminology used. The access network nodes
may be of different classes such as, e.g., macro eNodeB,
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home eNodeB or pico base station, based on transmission
power and thereby also cell size. The access network node
can be a Station (STA), which is any device that contains an
IEEE 802.11-conformant Media Access Control (MAC) and
Physical Layer (PHY) interface to the Wireless Medium
(WM). The access network node 300a, 3005 may also be a
network node in a wired communication system. Further,
standards promulgated by the IEEE, the Internet Engineer-
ing Task Force (IETF), the International Telecommunica-
tions Union (ITU), the 3GPP standards, fifth-generation
(5G) standards and so forth are supported. In various
embodiments, the network node 400 may communicate
information according to one or more IEEE 802 standards
including IEEE 802.11 standards (e.g., 802.11a, b, g/h, j, n,
and variants) for WLANs and/or 802.16 standards (e.g.,
802.16-2004, 802.16.2-2004, 802.16e, 802.16f, and vari-
ants) for WMANSs, and/or 3GPP LTE standards. The access
network node 300a, 3005 may communicate information
according to one or more of the Digital Video Broadcasting
Terrestrial (DVB-T) broadcasting standard and the High
performance radio Local Area Network (HiperLAN) stan-
dard.

[0133] In an embodiment, the processor 104 of the net-
work node 100 is configured to determine a first control
message 5047 for at least one user device 300z in the group
of user devices 310x. The first control message 504 indi-
cates the assigned radio resources for grant-free transmis-
sions. The transceiver 102 is further configured to transmit
the first control message 504r to the user device 300z.
Hence, this embodiment relates to signalling the assigned
radio resources to the user devices for grant-free transmis-
sion.

[0134] In an embodiment it is assumed that each user
device 300 transmit UL reference signal periodically to the
network node 100, e.g. by transmitting so called beacon
signals. Such UL reference signals are transmitted on physi-
cal resources, and they are non-overlapping (i.e. orthogonal)
among the user devices 300a, 3005, . . . , 300.. These UL
reference signals are used for acquiring the channel state
information at the transmitter (CSIT). Alternatively, such
UL reference signals may be used to estimate and track the
positions of the user device 300# to derive location infor-
mation. The UL reference signals are assigned in a manner
that up-to-date CSIT or rough position estimate can be
assumed whenever the user device 3007 transmits grant-free
UL data.

[0135] In particular, the network node 100 may estimate
and track the channels and/or positions of a user device 3007
from the periodically transmitted UL reference signals. This
allows the network node 100 to calculate the receiver filter
weights for its MU-MIMO capable antenna array in a way
that the network node 100 can receive user device transmis-
sions sent on the same time and frequency resources as long
as the channels and/or positions of the user device 3007 are
different, Hence, UL transmissions from multiple user
devices can be spatially separated and received in an error-
free manner.

[0136] In order to further reduce the control signalling, a
robust modulation and coding scheme (MCS) can be used by
default for UL grant-free transmissions by the user device
300. However, in order to optimize the overall performance
of proposed scheme, the network node 100 can update the
MCS individually for the user devices and further re-update
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when the network node 100 detects that the signal-to-
interference-plus-noise ratio (SINR) used for determining
the MCS is outdated.

[0137] In a further embodiment, the processor 104 is
further configured to determine at least one MCS based on
the plurality of received reference signals 502a, 5025, . . .,
5027. Further, the transceiver 102 is configured to transmit
a second control message 506x to the user device 300%. The
second control message 5067 indicates the MCS to be used
by the user device 300z in the grant-free data transmission.
[0138] The first control message 504n and the second
control message 5067 are in one embodiment transmitted in
different time instances. In another embodiment, the first
control message 504z and the second control message 506»
are transmitted in the same time instances, e.g. in the same
control signal.

[0139] In an embodiment, the second control message
5067 further indicates a MCS update instruction instructing
the user device 3007 to update the MCS for the grant-free
data transmission. Thereby, an MCS update mechanism is
provided.

[0140] In an embodiment, the second control message
5067 further indicates different or multiple MCSs to be used
by the user device 300z for different radio resources in the
grant-free data transmission.

[0141] FIG. 3 shows a user device 300 according to an
embodiment of the invention. The user device 300 com-
prises a transceiver 302 communicably coupled to a proces-
sor 304 with communication means 310 illustrated with the
arrow in FIG. 1. The user device 300 in this embodiment
further comprises an antenna 306 configured for wireless
communications in a wireless communication system 500.
[0142] According to the present solution the transceiver
302 of the user device 300 is configured to transmit at least
one reference signal 502z to a network node 100. The
transceiver 302 is further configured to receive a first control
message 504n from the network node 100. The first control
message 5047 indicates radio resources for grant-free data
transmission. The transceiver 302 is further configured to
receive a second control message 506n from the network
node 100. The second control message 506% indicates at
least one MCS associated with the indicated radio resources.
The transceiver 302 is further configured to transmit data
packets to the network node 100 in the indicated radio
resources for grant-free data transmission using the indi-
cated MCS.

[0143] FIG. 4 shows a corresponding method 400 accord-
ing to an embodiment of the invention which may be
executed in a user device 300, such as the one shown in FIG.
3. The method 400 comprises transmitting 402 at least one
reference signal 5027 to a network node 100. The method
400 further comprises receiving 404 a first control message
5047 from the network node 100, wherein the first control
message 5047 indicates radio resources for grant-free data
transmission. The method 400 further comprises receiving
406 a second control message from the network node 100,
wherein the second control message 506~ indicates at least
one MCS associated with the indicated radio resources. The
method 400 further comprises transmitting 408 data packets
to the network node 100 in the indicated radio resources
using the indicated MCS.

[0144] A user device 300 described herein may be any of
a User Equipment (UE), mobile station (MS), wireless
terminal or mobile terminal which is enabled to communi-
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cate wirelessly in a wireless communication system, some-
times also referred to as a cellular radio system. The UE may
further be referred to as mobile telephones, cellular tele-
phones, computer tablets or laptops with wireless capability.
The UEs in the present context may be, for example,
portable, pocket-storable, hand-held, computer-comprised,
or vehicle-mounted mobile devices, enabled to communi-
cate voice or data, via the radio access network, with another
entity, such as another receiver or a server. The UE can be
a Station (STA), which is any device that contains an IEEE
802.11-conformant Media Access Control (MAC) and
Physical Layer (PHY) interface to the Wireless Medium
(WM). Further, standards promulgated by the IEEE, the
Internet Engineering Task Force (IETF), the International
Telecommunications Union (ITU), the 3GPP standards,
fifth-generation (5G) standards and so forth, are supported.
In various embodiments, the receiving device 100 may
communicate information according to one or more IEEE
802 standards including IEEE 802.11 standards (e.g., 802.
11a, b, g/h, j, n, and variants) for WLANs and/or 802.16
standards (e.g., 802.16-2004, 802.16.2-2004, 802.16¢, 802.
16f, and variants) for WMANS, and/or 3GPP LTE standards.
The receiving device 100 may communicate information
according to one or more of the Digital Video Broadcasting
Terrestrial (DVB-T) broadcasting standard and the High
performance radio Local Area Network (HiperLAN) stan-
dard.

[0145] Inorder to accommodate high user device densities
with respect to the available degrees of freedom at the
network side, the user devices 300a, 3005, . . ., 300% are
divided into separate groups of user devices 310a, 3105, . .
.5 310%. These groups may be assigned non-overlapping
time or frequency or code resource blocks for grant-free UL
transmissions. However, within each group the user devices
of the same group share such resource blocks. It is to be
noted that at least one user device 300 can be assigned to two
or more groups. For example, various scheduling metrics
can be used for user grouping. These metrics can be e.g.
spatial orthogonality between users, past average user
throughputs, SINR estimations, time since last Channel
State Information (CSI) measurement, etc.

[0146] As aforementioned, one such metric is based on the
plurality of received reference signals 502a, 5025, . . .,
5027. Based on may imply an number of alternatives. One
example is all aspects related to signal strength and inter-
ference. Other examples may relate to location and spatial
correlation which e.g. may be derived from the received
reference signals 502a, 5025, . . ., 502n.

[0147] Accordingly, in one embodiment the processor 104
of the network node 100 is configured to derive location
information for user devices 300a, 3005, . . ., 300z based on
the plurality of received reference signals 502a, 5026, . . .,
5027. The processor 104 is further configured to group the
plurality of user devices 300a, 3005, . . . , 3007 based on the
derived location information for the plurality of user devices
300a, 3005, . . ., 300%.

[0148] Accordingly, in another embodiment the processor
104 of the network node 100 is configured to derive spatial
correlation of the plurality of received reference signals

502a, 5025, . . ., 502% and group the user devices 300qa,
3005, . . ., 300% based on the derived spatial correlation.
[0149] FIG. 5 illustrates the present solution in a wireless

communication system 500. A network node 100 receives
reference signals 502a, 5026, . . . , 502 associated with user
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devices 300a, 3005, . . . , 300n. The network node 100
groups the user devices 300a, 3005, . . . , 3007 based on the
received reference signals 502a, 5025, . . ., 5027. Thereafter,
the network node 100 assigns radio resources and computes
one or more receiver filters 106. It is further illustrated in
FIG. 5 how the network node 100 transmits a first control
message 504 and a second control message 506% to user
device 300%. At the reception of the first control message
5047 and the second control message 506#, the user device
3007 transmits in a grant-free manner in the uplink (UL) to
the network node 100. The grant-free transmission is per-
formed in the radio resource indicated in the first control
message 504r. The grant-free transmission is further per-
formed in the MCS(s) indicated in the second control
message 504n.

[0150] FIG. 6 shows a flow chart of an embodiment of the
invention in which user devices are grouped into different
groups. At step 602, the network node 100 generates a list of
potentially active user devices that may transmit UL data. At
step 604, the network node 100 groups the potentially active
user devices into one or more groups. If the network node
100 can support all potentially active user devices one group
could be enough. Otherwise the network node 100 groups
the potentially active user devices into a plurality of groups.
At step 606, the network node 100 assigns orthogonal radio
resources to the different groups. The orthogonal radio
resources may be non-overlapping time, frequency, code,
etc. The radio resources within the same group are however
not orthogonal.

[0151] FIG. 7 illustrates mechanisms for receiver filter
re-computation and MCS index update procedure at the
network node 100. At step 702, the network node 100

receives new reference signals 502a', 5025/, . . ., 502" from
the user devices (see also FIG. 5). Based on the new
reference signals 502a', 5024, . . ., 502#' the network node

100 may re-group the user devices into a new constellation
of groups of user devices. At step 704, the network node 100
re-computes the receiver filter for each group. At step 706,
the network node 100 estimates the SNIRs for all user
devices in a group. At step 708, the network node 100 checks
if the MCSs signaled to the user devices in the group still are
valid based on the estimated SNRs. If the already signaled
MCSs are valid no further action is performed, i.e. YES in
FIG. 7. However, if the already signaled MCSs are not valid,
i.e. NO in FIG. 7, the network node 100 at step 710 updates
the MCSs for the user devices in the group and signals the
updated MCSs to the user devices in second control mes-
sages (not shown in FIG. 7).

[0152] Asillustrated in FIG. 7, step 704 is triggered by the
step 702, i.e. when a new CSIT is acquired (e.g. uplink pilot
signal is measured), or the position of the user devices is
updated, or the user device(s) are removed or added to a
group, the network node 100 re-computes the multi-antenna
receiver filters at step 704. The receiver filters are for
receiving signals of interest in a spatially selective way in
the presence of interference and noise. The receiver filter
updates are done for each user group separately. Once the
multi-antenna receiver filters are computed by network node
100, the SINR estimates are updated for all user devices at
step 706. At step 708, if the newly calculated SINR estimate
for a given user device leads to an MCS value that is
significantly different from that used by the user device, the
network node 100 transmits an updated MCS instruction
(e.g. an update index) on a DL control channel to the user
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device in order to be used by the user device for subsequent
grant free UL data transmissions.

[0153] Accordingly, in an embodiment the transceiver 102
of the network node 100 is configured to receive a plurality
of new reference signals 5024, 5024', . . ., 502" associated
with a plurality of user devices 300a, 3005, . . . , 300%.
Further, the processor 104 of the network node 100 is
configured to re-compute the receiver filter 106 based on the
plurality of received new reference signals 5024', 5025, . .
., 502",

[0154] In a further embodiment, the transceiver 102 of the
network node 100 is configured to receive a plurality of new
reference signals 5024', 5025', . . ., 5027 associated with a
plurality of user devices 300a, 3004, . . . , 300%. Further, the
processor 104 of the network node 100 is configured to
re-group the plurality of user devices 300a, 30056, . . ., 300
into at least one new group of user devices 310% based on the
plurality of received new reference signals 5024', 5025, . .
., 502",

[0155] Some further comments to FIG. 7 is hereby pre-
sented. Firstly, it is assumed that active user devices transmit
UL reference signals periodically so that the network node
can keep track of the MIMO channels and/or the position of
the user device. Secondly, the network node procedures
shown in FIG. 7 can be performed by a base station or at
other network device that control the base station(s) within
the network, e.g. a control device such as a radio network
controller. Finally, the embodiment in FIG. 7 assumes a
“worst-case” scenario since it is assumed that all UEs within
a group can transmit simultaneously when calculating the
receiver filters as well as in estimating the SINRs for
selecting the MCS.

[0156] Aforementioned, it is possible to assign a user
device 300 to multiple groups simultaneously. This means
that the user device 300 assigned to multiple groups can
utilize radio resources assigned for multiple groups for
sending grant-free UL transmissions. However, the network
node 100 thus has to calculate separate user specific MCS
for each group the user device 300 is assigned to. The user
device 300 can either be configured dynamically by means
of control signalling or assigned e.g. with an RRC signalling
to use predefined radio resources with predefined group
indexes. Then only UL group index (or indexes) correspond-
ing to allocated radio resources can be signalled to UEs.
[0157] A simplified example of physical resource alloca-
tion is illustrated in FIG. 8. As shown in the example in FIG.
8 there are two groups of user devices which are assigned
orthogonal radio resources since they are allowed transmit at
different time instances.

[0158] In an embodiment, the network node 100 estimates
the UL packet inter-arrival times for each user device 300.
Thus, the network node 100 is able to optimize the receiver
filters and SINR estimates given that it can successfully
predict the time periods when the user devices are most
probably not transmitting. To increase predictability, it is
also possible to force user devices to use only certain time
windows by assigning semi-persistent UL transmission win-
dows for individual user devices.

[0159] InFIG. 9, receiver filter calculation optimization is
illustrated by showing the UL transmission time windows
for users 1, 2, 3 and 4 (using the same frequency). Such UL
transmissions are inferred by the network node by estimat-
ing the inter-arrival times of the data packets. In processing
box A in FIG. 9 both the receiver filter and MCSs are
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updated at the time slot edges. This allows for calculating
optimal MCSs for user devices at each time periods. How-
ever, in order to gain from this procedure, the network node
100 needs to indicate new MCSs for user devices whenever
the receiver filters change. This can be done in a way that
e.g. different MCS values are given for each time slot for
each user device. The MCSs are either updated by a DL
control signal or independently by the user device 300 from
a pre-assigned MCS allocation table. For example, if there
are N time slots in certain time period, it is possible to assign
N different MCSs for that time period. If it is assumed that
SINR estimates for user devices are changing significantly
when different receiver filters are applied, then the MCS
should be changed as well in order to reach optimal perfor-
mance. In FIG. 9, it can be seen that user 4 needs to be
assigned 5 different MCSs for 5 adjacent time slots in order
to optimize the corresponding receiver filters. If channels do
not age significantly during these 5 time slots, then SINR
estimations do not change and user 4 can reuse the same
MCS allocation again. Thus, a change is not needed. It can
be also seen that user 3 would reach optimal performance
with just 1 MCS value. Users 1 and 2 would need both 2
MCS values. As mentioned before, it is also possible to
assign just single MCSs for each user device according to
worst case scenario (i.e. every user is assumed to transmit at
the same time), if less MCS indication signalling is desired.
To optimize performance, receiver filters have to be updated
for each different set of user devices. This also causes SINRs
experienced by user devices to vary, which means that most
probably different MCS is required for each different set of
user devices in receiver filters. This means that multiple
MCSs are needed for each user device 300 if performance
maximization is the goal. Another option is to use only
single (“worst case”) receiver filter to minimize MCS
updates.

[0160] It should be noted that network node 100 can also
apply several receiver filters, i.e. calculate several receiver
filter options by using different combinations of possibly
transmitting users, for received signals and use the optimal
receiver filter. However, the problem is that the user device
300 is agnostic to this process and the MCS has therefore to
be indicated to the user device 300 beforehand. To trade-off
between reliability and performance MCS selection can be
either pessimistic or optimistic with respect to SINR esti-
mation and estimated channel aging caused by e.g. user
mobility. Channel aging most probably leads to lower SINR
for actual transmission that estimated from pilots sent some
time before.

[0161] FIG. 10 illustrates some further important signal-
ling aspects of the invention. A network node 100 receives
reference signals 5007 from a user device 300. According to
embodiments the network node 100 transmits a first control
message 504 and a second control message 506 to the user
device 300. The content of mentioned control messages 504
and 506 have previously been described. The user device
300 performs grant-free (GF) transmissions according to the
first and second control messages 504 and 506, respectively.
The user device 300 continues to transmit reference signals,
denoted as new reference signals 5027' in FIG. 10. Based on
the new reference signals 5027' the network node 100 may
re-group the user device 300, re-compute the receiver filter
106, re-compute the MCS(s), etc. The updating and feed-
back mechanism illustrated in FIG. 10 may continue as long
as the user device 300 is active.
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[0162] The effects of embodiments of the invention is that
active user devices are able to send their UL data without
scheduling and grant signalling burden. User devices can
independently utilize available UL radio resources as they
see best, meaning that transmissions can start and stop, e.g.
at any OFDM symbol. Moreover, contention based schemes
are not needed nor required in the present solution which
results in improved spectral efficiency in the wireless com-
munication system 500 compared to conventional solutions.
[0163] Effectiveness of the present solution was also
proved with dynamic 5G TDD system level simulator. The
simulator was modelling ultra-dense network, which consist
of network nodes (or base stations) with 20 antennas each.
1000 users/km* density with user devices moving 50 km/h
was assumed. Split between DL and UL resources was 50-50
for easier performance comparison between DL and UL. In
the simulations, the same physical resources for UL trans-
mission were assigned to all user devices within the simu-
lation area. All user devices were active and thus sending UL
reference signals in the form of pilots. The network was
using such pilot transmissions for keeping channel state
information up-to-date for all user devices. Network nodes
were independently updating their receiver filters every time
new channel measurements were available. SINRs estimates
were updated every time the receiver filters were re-calcu-
lated and MCSs were signalled to user devices if SINR
estimates changed significantly. To simulate worst case
scenario, all user devices were sending UL data all the time
with full buffer.

[0164] The performance result of the simulation study as
described above is shown FIG. 11 in UL throughput CDF.
The X-axis in FIG. 11 shows user throughput in Mbps and
the Y-axis in FIG. 11 shows the probability. It can be seen in
FIG. 11 that the present solution works well. Only 1% of
users were experiencing total outage of uplink transmissions
during the simulations. However, it has to be remembered
that in reality data traffic has bursty nature, which would
reduce amount of simultaneous transmissions and thus
reduce interference. Further, by grouping user devices and
assigning separate time or frequency or code resources for
separate groups of user devices, interference could be
reduced to enable more uniform throughput distribution.
The worst case performance of proposed grant free uplink
solution in 5G ultra-dense network with users moving 50
km/h. It should further be noted that performance of con-
ventional contention based grant-free solutions would have
been collapsed already with much smaller uplink traffic load.
This simulation study suggests that the present grant-free
solution would be applicable for all UL data transmissions
at least in the studied environment, i.e. in ultra-dense net-
works.

[0165] Furthermore, any method according to the present
invention may be implemented in a computer program,
having code means, which when run by processing means
causes the processing means to execute the steps of the
method. The computer program is included in a computer
readable medium of a computer program product. The
computer readable medium may comprise of essentially any
memory, such as a ROM (Read-Only Memory), a PROM
(Programmable Read-Only Memory), an EPROM (Erasable
PROM), a Flash memory, an EEPROM (Electrically Eras-
able PROM), or a hard disk drive.

[0166] Moreover, it is realized by the skilled person that
the present network node 100 or user device 300 comprises
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the necessary communication capabilities in the form ofe.g.,
functions, means, units, elements, etc., for performing the
present solution. Examples of other such means, units,
elements and functions are: processors, memory, buffers,
control logic, encoders, decoders, rate matchers, de-rate
matchers, mapping units, multipliers, decision units, select-
ing units, switches, interleavers, de-interleavers, modula-
tors, demodulators, inputs, outputs, antennas, amplifiers,
receiver units, transmitter units, DSPs, MSDs, TCM
encoder, TCM decoder, power supply units, power feeders,
communication interfaces, communication protocols, etc.
which are suitably arranged together for performing the
present solution.

[0167] Especially, the processors 104 and 304 may com-
prise, e.g., one or more instances of a Central Processing
Unit (CPU), a processing unit, a processing circuit, a pro-
cessor, an Application Specific Integrated Circuit (ASIC), a
microprocessor, or other processing logic that may interpret
and execute instructions. The expression “processor” may
thus represent a processing circuitry comprising a plurality
of processing circuits, such as, e.g., any, some or all of the
ones mentioned above. The processing circuitry may further
perform data processing functions for inputting, outputting,
and processing of data comprising data buffering and device
control functions, such as call processing control, user
interface control, or the like.

[0168] Finally, it should be understood that the present
invention is not limited to the embodiments described
above, but also relates to and incorporates all embodiments
within the scope of the appended independent claims.

What is claimed is:

1. A network node for a wireless communication system,
the network node comprising:

a transceiver configured to receive a plurality of reference

signals associated with a plurality of user devices; and

a processor configured to:

group the plurality of user devices into at least one
group of user devices based on the plurality of
received reference signals;

assign radio resources for grant-free data transmission
to the group of user devices; and

compute a receiver filter for the group of user devices
based on the plurality of received reference signals
and the assigned radio resources,

wherein the transceiver is further configured to receive a

plurality of grant-free data transmissions from user
devices in the group of user devices in the assigned
radio resources, and

wherein the processor is further configured to separate the

grant-free data transmissions from the user devices in
the group of user devices based on the computed
receiver filter.

2. The network node according to claim 1, wherein the
processor is further configured to determine a first control
message for at least one user device of the group of user
devices, wherein the first control message indicates the
assigned radio resources, and

wherein the transceiver is further configured to transmit

the first control message to the user device.

3. The network node according to claim 1, wherein the
processor is further configured to:

derive location information for the plurality of user

devices based on the plurality of received reference
signals; and
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group the plurality of user devices based on the derived

location information for the plurality of user devices.

4. The network node according to claim 2, wherein the
processor is further configured to determine at least one
Modulation and Coding Scheme (MCS) based on the plu-
rality of received reference signals, and

wherein the transceiver is further configured to transmit a

second control message to the user device, wherein the
second control message indicates the MCS to be used
by the user device in the grant-free data transmission.
5. The network node according to claim 4, wherein the
second control message further indicates a MCS update
instruction instructing the user device to update the MCS for
the grant-free data transmission.
6. The network node according to claim 4, wherein the
second control message further indicates different MCSs to
be used by the user device for different radio resources in the
grant-free data transmission.
7. The network node according to claim 1, wherein the
processor is further configured to group at least one user
device of the plurality of user devices into at least two
different groups of user devices.
8. The network node according to claim 1, wherein the
processor is further configured to:
estimate inter-arrival times for data packets in the plural-
ity of received grant-free data transmissions from the
user devices in the group of user devices; and

re-compute the receiver filter for the group of user device
based on the plurality of received reference signals and
the estimated inter-arrival times.

9. The network node according to claim 1, wherein the
transceiver is further configured to receive a plurality of new
reference signals associated with the plurality of user
devices, and

wherein the processor is further configured to re-compute

the receiver filter for the group of user devices based on
the plurality of received new reference signals.

10. The network node according to claim 1, wherein the
transceiver is further configured to receive a plurality of new
reference signals associated with the plurality of user
devices, and

wherein the processor is further configured to re-group the

plurality of user devices into at least one new group of
user devices based on the plurality of received new
reference signals.

11. The network node according to claim 1, wherein
assigned radio resources for different groups of user devices
are orthogonal to each other.

12. A user device for a wireless communication system,
the user device comprising:

a transceiver configured to:

transmit at least one reference signal to a network node;

receive a first control message from the network node,
wherein the first control message indicates radio
resources for grant-free data transmission;

receive a second control message from the network
node, wherein the second control message indicates
at least one Modulation and Coding Scheme (MCS)
associated with the indicated radio resources; and

transmit data packets to the network node in the indi-
cated radio resources for grant-free data transmission
using the indicated MCS.

13. The user device according to claim 12, wherein the
second control message further indicates a MCS update
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instruction instructing the user device to update the MCS for
the grant-free data transmission, and

wherein the transceiver is further configured to transmit

data packets to the network node in the indicated radio
resources using the another MCS.

14. The user device according to claim 12, wherein the
second control message further indicates different MCSs to
be used by the user device for different radio resources in the
grant-free data transmission, and

wherein the transceiver is further configured to transmit

data packets to the network node in the indicated radio
resources using the MCSs for different radio resources.
15. A method comprising:
receiving a plurality of reference signals associated with
a plurality of user devices;

grouping the plurality of user devices into at least one
group of user devices based on the plurality of received
reference signals;

assigning radio resources for grant-free data transmission

to the group of user devices;

computing a receiver filter for the group of user devices

based on the plurality of received reference signals and
the assigned radio resources;

receiving a plurality of grant-free data transmissions from

user devices in the group of user devices in the assigned
radio resources; and

separating the grant-free data transmissions from the user

devices in the group of user devices based on the
computed receiver filter.

16. A method comprising:

transmitting at least one reference signal to a network

node;

receiving a first control message from the network node,

wherein the first control message indicates radio
resources for grant-free data transmission;

receiving a second control message from the network

node, wherein the second control message indicates at
least one MCS associated with the indicated radio
resources; and
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transmitting data packets to the network node in the
indicated radio resources using the indicated MCS.
17. A non-transitory computer readable medium with a
program code for performing, when the computer program
runs on a computer, a method comprising:
receiving a plurality of reference signals associated with
a plurality of user devices;
grouping the plurality of user devices into at least one
group of user devices based on the plurality of received
reference signals;
assigning radio resources for grant-free data transmission
to the group of user devices;
computing a receiver filter for the group of user devices
based on the plurality of received reference signals and
the assigned radio resources;
receiving a plurality of grant-free data transmissions from
user devices in the group of user devices in the assigned
radio resources; and
separating the grant-free data transmissions from the user
devices in the group of user devices based on the
computed receiver filter.
18. A non-transitory computer readable medium with a
program code for performing, when the computer program
runs on a computer, a method comprising:

transmitting at least one reference signal to a network
node;

receiving a first control message from the network node,
wherein the first control message indicates radio
resources for grant-free data transmission,

receiving a second control message from the network
node, wherein the second control message indicates at
least one MCS associated with the indicated radio
resources; and

transmitting data packets to the network node in the
indicated radio resources using the indicated MCS.
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