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(57) Abstract: Systems and methods are disclosed herein for reducing power consumption and/or decreasing latency for a wireless
device in a wireless communications system. In particular, the systems and methods disclosed herein are particularly beneficial for
Machine Type Communication (MTC) devices, but are not limited thereto. In some embodiments, a method of operation of a node
of a wireless communications system comprises determining a Modulation and Coding Scheme (MCS) that is optimized for MTC
for one of an uplink from a MTC device to a base station and a downlink from the base station to the MTC device, and using the
MCS with respect to the one of the uplink from the MTC device to the base station and the downlink from the base station to the
MTC device. By optimizing the MCS, power consumption by the MTC device and/or latency can be reduced.
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OPTIMIZED MCS SELECTION FOR MACHINE TYPE COMMUNICATION

Related Applications

[0001] This application claims the benefit of provisional patent application
serial number 14/722,372, filed May 27, 2015, the disclosure of which is hereby

incorporated herein by reference in its entirety.

Technical Field

[0002] The present disclosure relates to Machine Type Communication (MTC)
and, in particular, to reducing power consumption and/or latency for MTC in a

wireless communication system.

Background
[0003] In current Third Generation Partnership Project (3GPP) Long Term

Evolution (LTE) systems, a User Equipment device (UE) sends a Scheduling
Request (SR) to an enhanced or evolved Node B (eNB) when the UE wishes to
transmit data in the uplink. The SR is accompanied with a Buffer Status Report
(BSR). Based on the BSR, the eNB will give the UE an uplink grant with a
number of Physical Resource Blocks (PRBs) and a Modulation and Coding
Scheme (MCS) with which the UE should transmit its data in the uplink. The
number of PRBs and the MCS correspond to a defined Transport Block Size
(TBS). Thus, the selection of the number of PRBs and the MCS is oftentimes
referred to as TBS selection and is done for a given target Block Error Rate
(BLER).

[0004] For mobile broadband services, the target BLER is relatively high (e.g.,
10%) since it is more beneficial from a systems perspective to keep interference
levels in check and rely on Hybrid Automatic Repeat Request (HARQ)
retransmissions if needed. Further, since there are usually free resources in the
network, the eNB scheduler oftentimes gives the UE an uplink grant having a
TBS that is substantially larger than that which is needed for the uplink buffer

size reported in the BSR. This is beneficial because more data may be added to
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the uplink buffer between the time at which the UE transmits the BSR and the
time at which the UE is allowed to transmit. If the TBS for the uplink grant is
larger than the uplink buffer size when the UE transmits, the UE must include
padding, or dummy, bits in the uplink transmission in order to match the TBS of
the uplink grant. The UE is obligated to transmit exactly as dictated by the eNB
scheduler.

[0005] In addition to Mobile Broadband (MBB) services, Fifth Generation (5G)
systems will support Machine Type Communication (MTC). MTC will be both
massive MTC, which focuses on very large numbers of simple devices
transmitting small data payloads (sensors, actuators, etc.), and critical MTC,
which focuses on low latency applications (e.g., industrial control). In both cases,
the majority of devices are battery operated and frequent charging is not feasible.
For massive MTC, a battery life of around ten years is often mentioned as a
target, and this puts high requirements on UE power consumption.

[0006] Patent Cooperation Treaty (PCT) Patent Application Publication No.
WO 2014/113243 A2, entitled “Channel State Information and Adaptive
Modulation and Coding Design for Long-Term Evolution Machine Type
Communications,” describes systems and methods for minimizing the number of
Channel State Information (CSl) transmissions from a MTC UE to an eNB, which
in turn reduces power consumption by the MTC UE.

[0007] While WO 2014/113243 A2 teaches reducing power consumption by a
MTC UE by decreasing the amount of CSI transmissions, there remains a need
for systems and methods reducing power consumption and/or decreasing latency
of a MTC device.

Summary
[0008] Systems and methods are disclosed herein for reducing power

consumption and/or decreasing latency for a wireless device in a wireless
communications system. In particular, the systems and methods disclosed
herein are particularly beneficial for Machine Type Communication (MTC)

devices, but are not limited thereto. In some embodiments, a method of
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operation of a node of a wireless communications system comprises determining
a Modulation and Coding Scheme (MCS) that is optimized for MTC for one of an
uplink from a MTC device to a base station and a downlink from the base station
to the MTC device, and using the MCS with respect to the one of the uplink from
the MTC device to the base station and the downlink from the base station to the
MTC device. By optimizing the MCS, power consumption by the MTC device
and/or latency can be reduced.

[0009] In some embodiments, determining the MCS comprises determining
the MCS that is optimized for MTC for the uplink from the MTC device to the
base station, and using the MCS comprises using the MCS with respect to the
uplink from the MTC device to the base station.

[0010] In some embodiments, determining the MCS that is optimized for MTC
for the uplink comprises determining the MCS that is optimized for MTC for the
uplink based on a MTC-specific Transport Block Size (TBS) selection.

[0011] In some embodiments, determining the MCS that is optimized for MTC
for the uplink comprises obtaining an initial uplink MCS based on a target Block
Error Rate (BLER) for non-MTC devices, the initial uplink MCS corresponding to
an initial TBS, and reducing the MCS from the initial uplink MCS to a less
aggressive uplink MCS that satisfies a reduced TBS, as compared to the initial
TBS, desired for the MTC device.

[0012] In some embodiments, the method further comprises decreasing an
uplink transmit power for uplink data transmissions from the MTC device to the
base station using the MCS that is optimized for MTC for the uplink such that a
BLER for the uplink data transmissions is equal to a target BLER for MTC
devices, wherein the target BLER for MTC devices is less than a target BLER for
non-MTC devices.

[0013] In some embodiments, the node is the MTC device. Further, in some
embodiments, the method further comprises receiving an uplink grant from a
base station of the wireless communications system containing an indication that
the MTC device is permitted to determine and use the MCS optimized for MTC

devices for a corresponding uplink data transmission. Determining the MCS that
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is optimized for MTC for the uplink and using the MCS with respect to the uplink
are performed upon receiving the uplink grant containing the indication that the
MTC device is permitted to determine and use the MCS optimized for MTC
devices for the corresponding uplink data transmission. In some embodiments,
the method further comprises, prior to receiving the uplink grant, transmitting a
Scheduling Request (SR) to the base station containing an indication that the
MTC device would like to determine and use the MCS that is optimized for MTC
for the uplink.

[0014] In some embodiments, using the MCS with respect to the uplink
comprises transmitting uplink data using the MCS. In some embodiments, the
method further comprises transmitting an indication of the MCS to the base
station.

[0015] In some embodiments, the node is the base station. Further, in some
embodiments, using the MCS with respect to the uplink from the MTC device to
the base station comprises transmitting an uplink grant to the MTC device
comprising an indication of the MCS and receiving an uplink data transmission
from the MTC device using the MCS.

[0016] In some embodiments, the method further comprises determining that
the MTC device is a MTC device, and determining the MCS that is optimized for
MTC for the uplink and using the MCS with respect to the uplink are performed
upon determining that the MTC device is a MTC device. In some embodiments,
determining that the MTC device is a MTC device comprises determining that the
MTC device is a MTC device based on an indication in a SR received from the
MTC device, subscription information for the MTC device, a context of the MTC
device, and/or physical resources utilized by the MTC device that are indicative
of the MTC device being a MTC device.

[0017] In some embodiments, determining the MCS comprises determining
the MCS that is optimized for MTC for the downlink from the base station to the
MTC device, and using the MCS comprises using the MCS with respect to the
downlink from the base station to the MTC device. Further, in some

embodiments, determining the MCS that is optimized for MTC for the downlink
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comprises obtaining an initial downlink MCS based on a target BLER for non-
MTC devices, the initial downlink MCS corresponding to an initial TBS, and
reducing the MCS from the initial downlink MCS to a less aggressive downlink
MCS that satisfies a reduced TBS, as compared to the initial TBS, desired for the
MTC device.

[0018] Further, in some embodiments, the method further comprises
decreasing a downlink transmit power for downlink data transmissions from the
base station to the MTC device using the MCS that is optimized for MTC for the
downlink such that a BLER for the downlink data transmissions is equal to a
target BLER for MTC devices, wherein the target BLER for MTC devices is
different than (e.g., lower than) the target BLER for non-MTC devices.

[0019] In other embodiments, a method of operation of a base station in a
cellular communications network comprises transmitting an uplink grant to a MTC
device, the uplink grant comprising an indication of an initial MCS; receiving an
uplink data transmission from the MTC device, the uplink data transmission using
an unknown MCS that is equal to or less aggressive than the initial MCS
indicated in the uplink grant; and detecting the unknown MCS used for the uplink
data transmission from the MTC device. In some embodiments, detecting the
unknown MCS comprises determining that decoding of the uplink data
transmission using the initial assumption on MCS failed and, upon determining
that decoding of the uplink data transmission using the initial MCS failed,
attempting to decode the uplink data transmission assuming that a more robust
MCS was used by the MTC device.

[0020] Embodiments of a node for a wireless communications system are
also disclosed.

[0021] Those skilled in the art will appreciate the scope of the present
disclosure and realize additional aspects thereof after reading the following
detailed description of the embodiments in association with the accompanying

drawing figures.
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Brief Description of the Drawings

[0022] The accompanying drawing figures incorporated in and forming a part
of this specification illustrate several aspects of the disclosure, and together with
the description serve to explain the principles of the disclosure.

[0023] Figure 1 illustrates one example of a cellular communications network
in which Modulation and Coding Scheme (MCS) optimization for Machine Type
Communication (MTC) devices is provided according to some embodiments of
the present disclosure;

[0024] Figure 2 is a graphical illustration of one example of a modified MCS
selection scheme for an uplink data transmission from the MTC device to the
base station of Figure 1 according to some embodiments of the present
disclosure;

[0025] Figure 3 illustrates one example of the process of Figure 2 with respect
to an existing Modulation and Transport Block Size (TBS) index table and TBS
table provided in 3GPP Technical Specification (TS) 36.213 V12.1.0;

[0026] Figure 4 is a flow chart that illustrates a process for optimizing MCS
selection for an uplink data transmission from the MTC device to the base station
of Figure 1 according to some embodiments of the present disclosure;

[0027] Figure 5 illustrates the operation of the base station and the MTC
device of Figure 1 according to some embodiments in which the MTC device
performs the process of Figure 4;

[0028] Figure 6 is a flow chart that illustrates a process for blindly detecting
the uplink MCS at the base station according to some embodiments of the
present disclosure;

[0029] Figure 7 illustrates the operation of the base station and the MTC
device of Figure 1 according to some embodiments in which the base station
performs the process of Figure 4;

[0030] Figure 8 is a flow chart that illustrates the operation of a node (e.g., a
network node such as the base station) to optimize downlink MCS selection for
the MTC device of Figure 1 according to some embodiments of the present

disclosure;
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[0031] Figure 9 illustrates the operation of the base station and the MTC of
Figure 1 according to some embodiments in which the base station performs the
process of Figure 8;

[0032] Figures 10 and 11 are block diagrams of the base station of Figure 1
according to some embodiments of the present disclosure; and

[0033] Figures 12 and 13 are block diagrams of the MTC device of Figure 1
according to some embodiments of the present disclosure.

Detailed Description

[0034] The embodiments set forth below represent information to enable
those skilled in the art to practice the embodiments and illustrate the best mode
of practicing the embodiments. Upon reading the following description in light of
the accompanying drawing figures, those skilled in the art will understand the
concepts of the disclosure and will recognize applications of these concepts not
particularly addressed herein. It should be understood that these concepts and
applications fall within the scope of the disclosure and the accompanying claims.
[0035] Systems and methods are disclosed herein for reducing power
consumption and/or decreasing latency for a wireless device in a wireless
communications system. In particular, the systems and methods disclosed
herein are particularly beneficial for Machine Type Communication (MTC)
devices, but are not limited thereto. As used herein, a MTC device, or MTC User
Equipment device (UE), is any machine device (as opposed to a user operated
device such as, for example, a smart phone) that benefits from being connected,
e.g., a sensor, an actuator, etc. A MTC device has the characteristic of a small
payload size as compared to non-MTC devices. Conversely, a non-MTC device,
or non-MTC UE, is a conventional UE such as, for example, a smart phone,
tablet computer, etc.

[0036] Inthis regard, Figure 1 illustrates one example of a cellular
communications network 10 including a base station 12 (e.g., an evolved or
enhanced Node B (eNB)) serving wireless devices 14 and 16 (e.g., UEs) in a cell

18. In this example, the wireless device 14 is a non-MTC device, whereas the
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wireless device 16 is a MTC device. As such, the wireless device 14 is also
referred to herein as a non-MTC device 14, and the wireless device 16 is also
referred to herein as a MTC device 16. In some preferred embodiments, the
cellular communications network 10 is a Third Generation Partnership Project
(3GPP) Long Term Evolution (LTE) network and, as such, 3GPP LTE
terminology is sometimes used herein. However, the present disclosure is not
limited to 3GPP LTE. Rather, the concepts disclosed herein can be implemented
in any suitable wireless communication system.

[0037] As discussed below in detail, Modulation and Coding Scheme (MCS)
selection for the MTC device 16 is performed differently than MCS selection for
the non-MTC device 14. In particular, MCS selection for the MTC device 16 is
optimized for MTC services (i.e., massive MTC services or critical MTC services).
In particular, the MCS selection is optimized to adapt to the relatively small
payload size of uplink/downlink transmission for the MTC device 16. As
described herein, for the uplink, the optimized MCS is an MCS having a TBS that
is equal to or slightly greater than the uplink buffer size for the MTC device 16.
More specifically, given a payload size of the MTC device 16 and a certain
number of physical channel resources, the optimization of the MCS strives to
minimize the amount of padding or otherwise non-information-carrying bits, with
the overall objective to save battery in the MTC device 16 by reducing
retransmissions/processing.

[0038] In some embodiments, the relatively small payload size of the MTC
device 16 is leveraged to enable use of a more robust MCS with a relatively
small Transport Block Size (TBS) and thereby achieve a lower Block Error Rate
(BLER) for the MTC device 16 as compared to that of the non-MTC device 14.
The lower BLER reduces the number of Hybrid Automatic Repeat Request
(HARQ) retransmissions and, as a result, reduces power consumption at the
MTC device 16 (which is important for massive MTC) and reduces latency (which
is important for critical MTC). In other embodiments, the relatively small payload
size is leveraged to enable use of a more robust MCS with a relatively small TBS

together with transmit power reduction to achieve a target BLER that is equal to



10

15

20

25

30

WO 2016/189496 PCT/IB2016/053103

or less than the target BLER for non-MTC devices. Particularly for the uplink,
reducing the transmit power results in a reduction in power consumption at the
MTC device 16 even if using the same target BLER as used for non-MTC
devices. Further, in some embodiments, both a reduced BLER and a reduced
transmit power are utilized to provide both power reduction and reduced latency.
In this way, high quality radio links can be advantageous for MTC Key
Performance Indicators (KPIs) and not only to achieve higher bitrates.

[0039] Figure 2 is a graphical illustration of one example of a modified MCS
selection scheme for an uplink data transmission from the MTC device 16 to the
base station 12 of Figure 1 according to some embodiments of the present
disclosure. As discussed below, this process may be performed by the MTC
device 16, by the base station 12, or by some other network node (e.g., a
network node in a core network of the cellular communications network 10). In
this example, an initial MCS, represented by a curve 20, is selected using, e.g., a
conventional MCS selection procedure. In some embodiments, the MTC device
16 sends an uplink Scheduling Request (SR) to the base station 12. The MTC
device 16 sends a Buffer Status Report (BSR) to the base station 12 in
association with the uplink SR. The BSR includes a size of an uplink buffer of
the MTC device 16 (i.e., the amount of data in the uplink buffer of the MTC
device 16 waiting to be transmitted). Upon receiving the uplink SR, the base
station 12 selects the initial MCS for the uplink transmission based on a quality of
the uplink channel between the MTC device 16 and the base station 12. The
quality of the uplink channel is represented as Signal to Interference plus Noise
Ratio (SINR) in Figure 2, but may alternatively be represented by some other
channel quality metric.

[0040] Particularly when the uplink channel is good, the initial MCS
corresponds to a TBS that is much larger than the uplink buffer size of the MTC
device 16. According to some embodiments of the present disclosure, this
enables selection of a more robust, or less aggressive, MCS for the uplink data
transmission. This more robust MCS is represented by a curve 22 in Figure 2.

The more robust MCS results in a lower BLER, as shown. In some
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embodiments, the MTC device 16 transmits using the more robust MCS, and
thus lower BLER, without any transmit power reduction. This results in a
reduced number of retransmissions (or higher reliability). In other embodiments,
in addition to using the more robust MCS, transmit power for the uplink data
transmission may be reduced such that the resulting BLER meets a target BLER
for MTC devices. In some embodiments, the target BLER for MTC devices is
lower than the target BLER for non-MTC devices. As a result of the reduced
target BLER, the number of retransmission is reduced, which reduces power
consumption at the MTC device 16 and reduces latency. The reduced transmit
power also reduces power consumption at the MTC device 16. In other
embodiments, the target BLER for MTC devices is equal to the target BLER for
non-MTC devices. In this case, the gains in terms of power reduction are the
result of the reduced transmit power.

[0041] Notably, in some embodiments, some uplink transmissions from MTC
devices use the more robust MCS without transmit power reduction while other
uplink transmissions use the more robust MCS with transmit power reduction.
The former may, for example, be utilized for uplink data transmission related to
critical MCS services whereas the latter may, for example, be utilized for uplink
data transmissions related to massive MCS services.

[0042] Figure 3 illustrates one example of the process of Figure 2 with respect
to an existing Modulation and TBS index table and TBS table provided in 3GPP
Technical Specification (TS) 36.213 V12.1.0. Importantly, this is only an example
provided for illustration purposes. This example should not be construed as
limiting the scope of the concepts described herein. As illustrated, the base
station 12 observes a very good channel and, as a result, selects 64 Quadrature
Amplitude Modulation (64QAM) (MCS index = 26) for the initial MCS. As
illustrated, MCS index = 26 corresponds to TBS index = 24. Using the TBS
table, the TBS index corresponds to a TBS size of 584 bits assuming Nprg = 1.
Thus, using the initial MCS selected by the base station 12, the MTC device 16
can determine, or estimate, that transmission of 585 bits is possible when using
the initial MCS selected by the base station12. The MTC device 16 uses MTC-
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specific MCS and TBS selection to increase the robustness of the MCS to MCS
index = 7 and TBS index = 7, which corresponds to a TBS of 104 bits and Binary
Phase Shift Keying (BPSK) as the MCS. More specifically, the MTC device 16
knows that it only has 100 bits in its uplink buffer. Using this knowledge, the
MTC device 16 identifies, in this example, 104 as the desired TBS, which
corresponds to the TBS index = 7. The Modulation and TBS index table can then
be used to determine the MCS index, which in this example is MCS index = 7,
that corresponds to the TBS index = 7. The MCS index = 7 corresponds to
BPSK.

[0043] When there is no reduction in transmit power, the more robust MCS
results in a substantially reduced BLER. As discussed above, in some
embodiments, the more robust MCS is utilized by the MTC device 16 without
transmit power reduction. This results in fewer retransmissions and, therefore,
power reduction at the MTC device 16 and reduced latency. In other
embodiments, the MTC device 16 also decreases transmit power to reach the
target BLER for MTC devices, which, as discussed above, may be less than or
equal to the target BLER for non-MTC devices. Optionally, in some
embodiments, the MTC device 16 indicates the optimized MCS to the base
station 12. Note that since the example of Figure 3 uses legacy MCSs in the
tables, this example does not take into account any new coding and/or coding of
padding bits.

[0044] Figure 4 is a flow chart that illustrates a process for optimizing MCS
selection for an uplink data transmission from the MTC device 16 to the base
station 12 according to some embodiments of the present disclosure. This
process can be performed by any node, i.e., the MTC device 16 or a network
node in the cellular communications network 10 such as, e.g., the base station
12. Notably, while figures, such as Figure 4, describe processes in terms of
“steps,” these “steps” can be performed in any desired order or even in parallel
unless explicitly stated or otherwise required.

[0045] As illustrated, the node determines an uplink MCS optimized for the
MTC device 16 based on, e.g., an MTC-specific TBS selection (step 100). As
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discussed above, in some embodiments, the uplink MCS is optimized for the
MTC device 16 by leveraging the relatively small uplink buffer size of the MTC
device 16 as compared to a much larger TBS that would be used for mobile
broadband services. More specifically, in some embodiments, the node obtains
an initial uplink MCS for the MTC device 16 based on a target BLER for non-
MTC devices (step 100A). Notably, step 100A is not required in all
embodiments, as indicated by the dashed box. The initial uplink MCS
corresponds to an initial TBS. This initial TBS is relatively large compared to the
amount of data to be transmitted by the MTC device 16. As such, the node
reduces the uplink MCS from the initial uplink MCS to a less aggressive, or more
robust, uplink MCS that satisfies a reduced TBS for the MTC device 16 (step
100B). As used herein, reducing the MCS means changing the MCS to a MCS
having a reduced data rate. A reduced MCS is also referred to herein as a less
aggressive or more robust MCS.

[0046] Once the optimized uplink MCS is determined, in some embodiments,
the node decreases an uplink transmit power of the MTC device 16 such that the
uplink BLER for the MTC device 16 is equal to a reduced target BLER for MTC
devices (step 102). The target BLER for MTC devices is “reduced” in that, in this
embodiment, it is less than the target BLER for non-MTC devices. The node
then uses the optimized uplink MCS with respect to the uplink from the MTC
device 16 to the base station 12 (step 104). For instance, in some embodiments,
the node is the MTC device 16, and the MTC device 16 uses the optimized MCS
by transmitting data on the uplink using the optimized MCS. In other
embodiments, the node is the base station 12, and the base station 12 uses the
optimized MCS by, e.g., transmitting an uplink grant to the MTC device 16
including an indication of the optimized MCS and receiving an uplink data
transmission from the MTC device 16 using the optimized MCS.

[0047] Figure 5 illustrates the operation of the base station 12 and the MTC
device 16 according to some embodiments in which the MTC device 16 performs
the process of Figure 4. Notably, optional steps are indicated by dashed lines.

As illustrated, the MTC device 16 sends a SR and optionally a BSR including the
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uplink buffer size to the base station 12 (step 200). The base station 12 selects
an initial uplink MCS based on, e.g., the observed uplink channel conditions
(e.g., uplink SINR), the target BLER for non-MTC devices, and the uplink buffer
size (step 202). The initial MCS may be selected using, e.g., a conventional
MCS selection process for Mobile Broadband (MBB) services. The initial uplink
MCS has a corresponding TBS that is significantly larger than the uplink buffer
size for the MTC device 16. The base station 12 then sends an uplink grant to
the MTC device 16 including an indication of the initial uplink MCS (step 204).
[0048] Notably, in some embodiments, uplink grant includes an indication
(e.g., bit sequence, flag, or the like) that the MTC device 16 is permitted to
determine and use an uplink MCS that is optimized for MTC. The base station
12 may provide this indication upon, e.g., (a) receiving a request from the MTC
device 16 to be allowed to determine and use an optimized MCS for MTC where
this request may be included in or associated with the SR of step 200 or (b) a
determination by the base station 12 that the MTC device 16 is a MTC device
(e.g., based on subscription information for the MTC device 16, a context of the
MTC device 16, use of physical resources by the MTC device 16 that are
detected to MTC or MTC services, or the like).

[0049] Upon receiving the uplink grant and, optionally, the indication from the
base station 12 that the MTC device 16 is permitted to determine and use an
optimized MCS, the MTC device 16 determines a new uplink MCS that is
optimized for MTC based on, e.g., MTC-specific TBS selection, as discussed
above (step 206). In some embodiments, the MTC device 16 also decreases
uplink transmit power such that the uplink BLER is equal to a reduced target
BLER for MTC devices, as discussed above (step 208). Notably, steps 206 and
208 correspond to steps 100 and 102 of Figure 4.

[0050] In some embodiments, the MTC device 16 provides an indication of
the new, or optimized uplink MCS to the base station 12 (step 210). This
indication may be transmitted to the base station 12 in any suitable manner. The
MTC device 16 then uses the optimized uplink MCS by transmitting uplink data to

the base station 12 according to the uplink grant but using the new, or optimized,
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uplink MCS (step 212). In some embodiments, if the MTC device 16 has not
indicated the new uplink MCS to the base station 12, the base station 12 blindly
detects the new uplink MCS using any appropriate blind uplink MCS detection
technique (step 214).

[0051] Figure 6 is a flow chart that illustrates a process for blindly detecting
the uplink MCS at the base station 12, e.g., in step 214 of Figure 5 according to
some embodiments of the present disclosure. As illustrated, the base station 12
receives an uplink data transmission from the MTC device 16 (step 300). The
base station 12 attempts to decode the uplink data transmission using, e.g., the
initial MCS indicated in the uplink grant. If decoding fails (step 302; YES), the
base station 12 attempts to decode the uplink data transmission using a more
robust MCS. In particular, in this example, the base station 12 maps received
soft symbol values for the received uplink data transmission to a constellation of
a more robust MCS using the Euclidean distance closest point of the
constellation of the more robust MCS (step 304). More specifically, the soft
symbol values represent samples in the |-Q plane and, as such, the soft symbol
values can be mapped to the closet constellation point of a different (e.g., more
robust) signal constellation using, e.g., Euclidean distance. In doing so, a new bit
sequence is obtained using the constellation of the more robust MCS. The
Cyclic Redundancy Check (CRC) will be successful only for the bit sequence
obtained by the correct MCS assumption.

[0052] If the CRC is unsuccessful (step 306, NO), the process returns to step
304 where the base station 12 attempts to decode the uplink data transmission
using another MCS that is more robust than the initial uplink MCS indicated in the
uplink grant. Once the CRC checks (step 306; YES), the MCS used for the
uplink data transmission has been detected, and the base station 12 continues
operation using the detected MCS (step 308). Returning to step 302, if decoding
using the initial uplink MCS did not fail (i.e., was successful), the uplink data
transmission uses the initial MCS and, as such, the base station 12 continues

processing using the initial uplink MCS (step 310).
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[0053] Figure 7 illustrates the operation of the base station 12 and the MTC
device 16 according to some embodiments in which the base station 12 performs
the process of Figure 4. As illustrated, the MTC device 16 sends a SR and a
BSR including the uplink buffer size to the base station 12 (step 400). The base
station 12 determines whether the MTC device 16 is an MTC device or a non-
MTC device (step 402). This determination may be made based on, e.g., an
indication in the SR, subscription information for the MTC device 16, a context of
the MTC device 16, resources utilized by the MTC device 16 (e.g., the MTC
device 16 uses physical resources (e.g., time and/or frequency resources)
dedicated for a certain purpose such as, for example, MTC or MTC service(s)),
or the like.

[0054] Upon determining that the MTC device 16 is a MTC device, the base
station 12 determines an uplink MCS for the MTC device 16 that is optimized for
MTC based on, e.g., MTC-specific TBS selection, as discussed above (step
404). In some embodiments, the base station 12 also decreases uplink transmit
power for the MTC device 16 such that the uplink BLER is equal to a reduced
target BLER for MTC devices, as discussed above (step 406). Here, the
decrease in uplink transmit power needs to be emphasized to mean that the
base station 12 makes an uplink transmit power optimization for the MTC device
16. Notably, steps 404 and 406 correspond to steps 100 and 102 of Figure 4.
The base station 12 then uses the optimized MCS with respect to the uplink by
sending an uplink grant to the MTC device 16 including an indication of the
optimized uplink MCS (step 408) and receiving uplink data transmitted by the
MTC device 16 according to the uplink grant using the optimized uplink MCS
(step 410). Notably, if the uplink transmit power is optimized by the base station
12, an indication of the optimized uplink transmit power allocation is included in
the uplink grant.

[0055] Thus far, the description has primarily focused on uplink embodiments;
however, the concepts descripted herein may also be used to optimize downlink
MCS selection for the MTC device 16. In this regard, Figure 8 is a flowchart that

illustrates the operation of a node (e.g., a network node such as the base station
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12) to optimize downlink MCS selection for MTC according to some
embodiments of the present disclosure. As illustrated, the node determines a
downlink MCS for a downlink data transmission from the base station 12 to the
MTC device 16, where the downlink MCS is optimized for MTC (step 500). The
downlink MCS may be optimized for MTC by, e.g., targeting a reduced BLER for
MTC communication (i.e., targeting a BLER that is less than the target BLER for
non-MTC devices). By targeting a reduced BLER for the downlink to the MTC
device 16, the MCS selected, e.g., using any suitable MCS selection process
based on a target BLER is more robust (i.e., has a lower data rate) than the MCS
that would have been selected if the target BLER for non-MTC devices would
have been used for MCS selection.

[0056] As an example, in some embodiments, the node selects an initial
downlink MCS based on the target BLER for non-MTC devices (step 500A). The
initial downlink MCS corresponds to an initial TBS. The node then reduces the
downlink MCS to a less aggressive, or more robust, downlink MCS that satisfies
a reduced TBS for the MTC device 16 (step 500B). Importantly, reducing the
downlink MCS here means selecting a different MCS with a lower data rate to
make the communication more robust to errors. As for the uplink, the TBS for
the initial downlink MCS selection is typically optimized for MBB services and
therefore seeks to use a large TBS to allow transmission of large amounts of
data. Because the MTC device 16 is a MTC device, the base station 12 can
reduce the TBS for the downlink transmission to some relatively small size that is
sufficient for the MTC device 16. This TBS reduction enables the reduction in the
downlink MCS to a less aggressive downlink MCS. Notably, steps 500A and
500B are only an example. For instance, in another embodiment, rather than
selecting an initial downlink MCS and then modifying the initial downlink MCS,
the node may utilize the concepts described herein to select the optimized MCS
without first selecting an initial MCS and then modifying the initial MCS.

[0057] Once the optimized downlink MCS is determined, in some
embodiments, the node decreases a downlink transmit power for the downlink to
the MTC device 16 such that the downlink BLER for the MTC device 16 is equal
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to a reduced target BLER for MTC devices (step 502). The target BLER for MTC
devices is “reduced” in that, in this embodiment, it is lower than the target BLER
for non-MTC devices. The node then uses the optimized downlink MCS with
respect to the downlink from the MTC device 16 to the base station 12 (step
504). For instance, in some embodiments, the node is the base station 12, and
the base station 12 uses the optimized MCS by, e.g., transmitting a downlink
data transmission to the MTC device 16 using the optimized MCS.

[0058] Note that while in some embodiments the process of Figure 8 is
performed by the base station 12, the process of Figure 8 may alternatively be
performed by the MTC device 16. For example, the base station 12 may send a
downlink transmission / wake up signal to the MTC device 16 that seldomly
wakes up (e.g., once every minute, hour, day, etc.) and for only a very short
amount of time (e.g., to save power). The signal uses a previously determined
and communicated (e.g., when the MTC device 16 first connected or periodically)
transmit power. The signal also contains information on the size of the payload
data (e.g., how many bits that will be communicated later). The MTC device 16
measures the received signal strength and derives the channel quality from the
known information. Using this information and the payload data, the MTC device
16 makes the optimized MCS selection. The MTC device 16 then responds to
the base station 12 with information (e.g., an index) indicating the optimal MCS
based on the measured channel quality.

[0059] Figure 9 illustrates the operation of the base station 12 and the MTC
device 16 of Figure 1 according to some embodiments in which the base station
12 performs the process of Figure 8.

[0060] As illustrated, the MTC device 16 sends Channel State Information
(CSI) (e.g., Channel Quality Indication (CQl), etc.) for the downlink channel to the
base station 12 (step 600). The base station 12 determines that the MTC device
16 is an MTC device (step 602). This determination may be made based on,
e.g., an indication transmitted by the MTC device 16, subscription information for

the MTC device 16, a context of the MTC device 16, resources utilized by the
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MTC device 16 (e.g., the MTC device 16 uses physical resources dedicated for a
certain purpose such as MTC or MTC service(s)), or the like.

[0061] Upon determining that the MTC device 16 is a MTC device, the base
station 12 determines a downlink MCS for the MTC device 16 that is optimized
for MTC based on, e.g., MTC-specific TBS selection, as discussed above (step
604). In some embodiments, the base station 12 also decreases downlink
transmit power for the MTC device 16 such that the downlink BLER is equal to a
reduced target BLER for MTC devices, as discussed above (step 606). Notably,
steps 604 and 606 correspond to steps 500 and 502 of Figure 8. The base
station 12 then uses the optimized MCS with respect to the downlink by
transmitting downlink control information including an indication of the optimized
downlink MCS (step 608) and transmitting a downlink data transmission to the
MTC device 16 according to the downlink control information using the optimized
downlink MCS (step 610).

[0062] Note that while the embodiments described above could use existing
modulation formats, the present disclosure is not limited thereto. New
modulation formats, or MCSs, could be defined and used for the MTC device 16.
For example, new modulation formats could be defined to, e.g., optimize for
power consumption at the MTC device 16 in the case of massive MTC or latency
in the case of critical MTC.

[0063] In some of the embodiments described above, it may be desired for
the base station 12 to inform the MTC device 16 that the optimized MCS format
is used for the downlink. Some examples for how the base station 12 could
inform the MTC device 16 of this are as follows. As a first example, the base
station 12 could, in the scheduling of the physical downlink transmission, indicate
that the MCS is using the new format. For example, in the case of LTE in the
(Enhanced) Physical Downlink Control Channel ((E-)PDCCH) transmission
pointing out the Physical Downlink Shared Channel (PDSCH) transmission. As
another example, the base station 12 could use physical resources dedicated for
the use of, e.g., MTC, thereby informing the MTC device 16 that the optimized

MCS format is used for the downlink.
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[0064] Figure 10 is a block diagram of the base station 12 (e.g., an eNB)
according to some embodiments of the present disclosure. This discussion is
more generally applicable to any radio access node. As illustrated, the base
station 12 includes a baseband unit 24 including at least one processor 26 (also
referred to as a processor circuit or processor circuitry) (e.g., microprocessor(s),
Central Processing Unit(s) (CPU(s)), Application Specific Integrated Circuit(s)
(ASIC(s)), Field Programmable Gate Array(s) (FPGA(s)), or the like), memory 28,
and a network interface 30 as well as at least one radio unit 32 including one or
more transmitters 34 and one or more receivers 36 coupled to multiple antennas
38. In some embodiments, the functionality of the base station 12 is
implemented in software and stored in the memory 28. This software is
executable by the processor(s) 26, whereby the base station 12 operates
according to any of the embodiments described herein.

[0065] In some embodiments, a computer program including instructions
which, when executed by at least one processor, causes the at least one
processor to carry out the functionality of the base station 12 according to any of
the embodiments described herein is provided. In some embodiments, a carrier
containing the aforementioned computer program product is provided. The
carrier is one of an electronic signal, an optical signal, a radio signal, or a
computer readable storage medium (e.g., a non-transitory computer readable
medium such as the memory 28).

[0066] Figure 11 is a block diagram of the base station 12 according to other
embodiments of the present disclosure. The base station 12 includes an
optimized MCS determination module 40, a MCS use module 42, and an optional
MCS detection module 44, each of which is implemented in software. Notably,
this illustration focuses on the embodiments where the base station 12 optimizes
the MCS (and optionally the transmit power) for the uplink (or downlink) for the
MTC device 16. The optimized MCS determination module 40 operates to
determine the optimized MCS for the MTC device 16 as described above. The
MCS use module 42 then uses the optimized MCS by, e.g., providing an
indication of the optimized MCS to the MTC device 16 for use by the MTC device
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16 for uplink transmission. The MCS detection module 44 operates to, in some
embodiments, blindly detect the MCS used by the MTC device 16. As discussed
above, this may be done when, for example, the MTC device 16 modifies the
MCS selection made by the base station 12. In this case, the base station 12
may not include the optimized MCS determination module 40.

[0067] Figure 12 is a block diagram of the MTC device 16 according to some
embodiments of the present disclosure. As illustrated, the MTC device 16
includes at least one processor 46 (also referred to as a processor circuit or
processor circuitry) (e.g., microprocessor(s), CPU(s), ASIC(s), FPGA(s), or the
like), memory 48, and a transceiver 50 including one or more transmitters 52 and
one or more receivers 54 coupled to at least one antenna 56. In some
embodiments, the functionality of the MTC device 16 is implemented in software
and stored in the memory 48. This software is executable by the processor(s)
46, whereby the MTC device 16 operates according to any of the embodiments
described herein.

[0068] In some embodiments, a computer program including instructions
which, when executed by at least one processor, causes the at least one
processor to carry out the functionality of the MTC device 16 according to any of
the embodiments described herein is provided. In some embodiments, a carrier
containing the aforementioned computer program product is provided. The
carrier is one of an electronic signal, an optical signal, a radio signal, or a
computer readable storage medium (e.g., a non-transitory computer readable
medium such as the memory 48).

[0069] Figure 13 is a block diagram of the MTC device 16 according to other
embodiments of the present disclosure. As illustrated, the MTC device 16
includes an optimized MCS determination module 58 and an MCS use module
60, each of which is implemented in software. The optimized MCS determination
module 58 operates to optimize the MCS for the uplink from the MTC device 16
as described above. The MCS use module 60 then operates to use the
optimized MCS for uplink transmission.

[0070] The following acronyms are used throughout this disclosure.
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e 5G

e 64QAM
e ASIC

e BLER
e BPSK
e BSR

e CPU

e CQlI

e CRC

e CSI

e E-PDCCH
e eNB

e FPGA
¢ HARQ
e KPI

e LTE

e MBB

e MCS

e MTC

e PCT

e PDSCH
e PRB

e SINR

e SR

e TBS

e TS

e UE
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Third Generation Partnership Project
Fifth Generation

64 Quadrature Amplitude Modulation
Application Specific Integrated Circuit
Block Error Rate

Binary Phase Shift Keying

Buffer Status Report

Central Processing Unit

Channel Quality Indication

Cyclic Redundancy Check

Channel State Information

Enhanced Physical Downlink Control Channel
Enhanced or Evolved Node B

Field Programmable Gate Array
Hybrid Automatic Repeat Request
Key Performance Indicator

Long Term Evolution

Mobile Broadband

Modulation and Coding Scheme
Machine Type Communication
Patent Cooperation Treaty

Physical Downlink Shared Channel
Physical Resource Block

Signal to Interference plus Noise Ratio
Scheduling Request

Transport Block Size

Technical Specification

User Equipment

[0071] Those skilled in the art will recognize improvements and modifications

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

and the claims that follow.
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Claims
What is claimed is:
1. A method of operation of a node (12, 16) of a wireless communications

system (10), comprising:

determining (100, 500) a Modulation and Coding Scheme, MCS, that is
optimized for Machine Type Communication, MTC, for one of an uplink from a
MTC device (16) to a base station (12) and a downlink from the base station (12)
to the MTC device (16); and

using (104, 504) the MCS with respect to the one of the uplink from the
MTC device (16) to the base station (12) and the downlink from the base station
(12) to the MTC device (16).

2. The method of claim 1 wherein:

determining (100, 500) the MCS comprises determining (100) the MCS
that is optimized for MTC for the uplink from the MTC device (16) to the base
station (12); and

using (104, 504) the MCS comprises using (104) the MCS with respect to
the uplink from the MTC device (16) to the base station (12).

3. The method of claim 2 wherein determining (100) the MCS that is
optimized for MTC for the uplink comprises determining (100) the MCS that is
optimized for MTC for the uplink based on a MTC-specific transport block size

selection.

4, The method of claim 2 wherein determining (100) the MCS that is
optimized for MTC for the uplink comprises:

obtaining (100A) an initial uplink MCS based on a target block error rate
for non-MTC devices (14), the initial uplink MCS corresponding to an initial

transport block size; and
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reducing (100B) the MCS from the initial uplink MCS to a less aggressive
uplink MCS that satisfies a reduced transport block size, as compared to the

initial transport block size, desired for the MTC device (16).

5. The method of claim 3 or 4 further comprising decreasing (102) an uplink
transmit power for uplink data transmissions from the MTC device (16) to the
base station (12) using the MCS that is optimized for MTC for the uplink such
that a block error rate for the uplink data transmissions is equal to a target block
error rate for MTC devices (16), wherein the target block error rate for MTC

devices (16) is less than a target block error rate for non-MTC devices (14).

6. The method of claim 2 wherein the node (12, 16) is the MTC device (16).

7. The method of claim 6 further comprising:

receiving (204) an uplink grant from a base station (12) of the wireless
communications system (10) containing an indication that the MTC device (16) is
permitted to determine and use the MCS optimized for MTC devices (16) for a
corresponding uplink data transmission;

wherein determining (100, 206) the MCS that is optimized for MTC for the
uplink and using (104, 212) the MCS with respect to the uplink are performed
upon receiving (204) the uplink grant containing the indication that the MTC
device (16) is permitted to determine and use the MCS optimized for MTC

devices (16) for the corresponding uplink data transmission.

8. The method of claim 7 further comprising, prior to receiving (204) the
uplink grant, transmitting (200) a scheduling request to the base station (12)
containing an indication that the MTC device (16) would like to determine and
use the MCS that is optimized for MTC for the uplink.

9. The method of any of claims 6-8 wherein:
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using (104, 212) the MCS with respect to the uplink comprises transmitting
(212) uplink data using the MCS.

10.  The method of claim 9 further comprising transmitting (210) an indication
of the MCS to the base station (12).

11.  The method of claim 2 wherein the node (12, 16) is the base station (12).

12.  The method of claim 11 wherein using (104) the MCS with respect to the
uplink from the MTC device (16) to the base station (12) comprises:
transmitting (408) an uplink grant to the MTC device (16) comprising an
indication of the MCS; and
receiving (410) an uplink data transmission from the MTC device (16)
using the MCS.

13.  The method of claim 11 further comprising:

determining (402) that the MTC device (16) is a MTC device;

wherein determining (100, 404) the MCS that is optimized for MTC for the
uplink and using (104, 408/410) the MCS with respect to the uplink are
performed upon determining (402) that the MTC device (16) is a MTC device.

14.  The method of claim 13 wherein determining (402) that the MTC device
(16) is a MTC device comprises determining (402) that the MTC device (16) is a
MTC device based on at least one of a group consisting of: an indication in a
scheduling request received from the MTC device (16), subscription information
for the MTC device (16), a context of the MTC device (16), and physical
resources utilized by the MTC device (16) that are indicative of the MTC device
(16) being a MTC device.

15. The method of claim 1 wherein:
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determining (100, 500) the MCS comprises determining (500) the MCS
that is optimized for MTC for the downlink from the base station (12) to the MTC
device (16); and

using (104, 504) the MCS comprises using (504) the MCS with respect to
the downlink from the base station (12) to the MTC device (16).

16.  The method of claim 15 wherein determining (500) the MCS that is
optimized for MTC for the downlink comprises:

obtaining (600A) an initial downlink MCS based on a target block error
rate for non-MTC devices (14), the initial downlink MCS corresponding to an
initial transport block size; and

reducing (500B) the MCS from the initial downlink MCS to a less
aggressive downlink MCS that satisfies a reduced transport block size, as
compared to the initial transport block size, desired for the MTC device (16).

17.  The method of claim 16 further comprising decreasing (502) a downlink
transmit power for downlink data transmissions from the base station (12) to the
MTC device (16) using the MCS that is optimized for MTC for the downlink such
that a block error rate for the downlink data transmissions is equal to a target
block error rate for MTC devices (16), wherein the target block error rate for MTC

devices (16) is less than the target block error rate for non-MTC devices (14).

18. A node (12, 16) for a wireless communications system (10), comprising:
at least one communication interface (30, 32, 50);
at least one processor (26, 46); and
memory (28, 48) containing instructions executable by the at least one
processor (26, 46) whereby the node (12, 16) is operative to:
determine (100, 500) a Modulation and Coding Scheme, MCS, that
is optimized for Machine Type Communication, MTC, for one of an uplink
from a MTC device (16) to a base station (12) and a downlink from the
base station (12) to the MTC device (16); and
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use (104, 504) the MCS with respect to the one of the uplink from
the MTC device (16) to the base station (12) and the downlink from the
base station (12) to the MTC device (16).

19.  The node (12, 16) of claim 18 wherein:

the MCS is optimized for MTC for the uplink from the MTC device (16) to
the base station (12); and

the MCS is used with respect to the uplink from the MTC device (16) to
the base station (12).

20. The node (12, 16) of claim 18 wherein, via execution of the instructions by
the at least one processor (26, 46), the node (12, 16) is further operative to
determine (100) the MCS that is optimized for MTC for the uplink based on a

MT C-specific transport block size selection.

21.  The node (12, 16) of claim 18 wherein, in order to determine (100) the
MCS that is optimized for MTC for the uplink, the node (12, 16) is further
operative to, via execution of the instructions by the at least one processor (26,
46):

obtain (100A) an initial uplink MCS based on a target block error rate for
non-MTC devices (14), the initial uplink MCS corresponding to an initial transport
block size; and

reduce (100B) the MCS from the initial uplink MCS to a less aggressive
uplink MCS that satisfies a reduced transport block size, as compared to the

initial transport block size, desired for the MTC device (16).

22. The node (12, 16) of claim 21 wherein, via execution of the instructions by
the at least one processor (26, 46), the node (12, 16) is further operative to:

decrease (102) an uplink transmit power for uplink data transmissions
from the MTC device (16) to the base station (12) using the MCS that is

optimized for MTC for the uplink such that a block error rate for the uplink data
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transmissions is equal to a target block error rate for MTC devices (16), wherein
the target block error rate for MTC devices (16) is less than the target block error

rate for non-MTC devices (14).

23. The node (12, 16) of claim 18 wherein:

the MCS is optimized for MTC for the downlink from the base station (12)
to the MTC device (16); and

the MCS is used with respect to the downlink from the base station (12) to
the MTC device (16).

24. A method of operation of a base station (12) in a cellular communications
network (10), comprising:

transmitting (204) an uplink grant to a Machine Type Communication,
MTC, device (16), the uplink grant comprising an indication of an initial
Modulation and Coding Scheme, MCS;

receiving (212) an uplink data transmission from the MTC device (16), the
uplink data transmission using an unknown MCS that is equal to or less
aggressive than the initial MCS indicated in the uplink grant; and

detecting (214) the unknown MCS used for the uplink data transmission
from the MTC device (16).

25.  The method of claim 24 wherein detecting (214) the unknown MCS
comprises:

determining (302) that decoding of the uplink data transmission using the
initial MCS failed; and

upon determining (302) that decoding of the uplink data transmission
using the initial MCS failed, attempting to decode (304, 306) the uplink data
transmission using a more robust MCS.

26. A base station (12) for operation in a cellular communications network

(10), comprising:



WO 2016/189496 PCT/IB2016/053103

29

at least one radio unit (32);

at least one processor (26); and

memory (28) containing instructions executable by the at least one
processor (26) whereby the base station (12) is operative to:

5 transmit, via the at least one radio unit (32), an uplink grant to a
Machine Type Communication, MTC, device (16), the uplink grant
comprising an indication of an initial Modulation and Coding Scheme,
MCS;

receive, via the at least one radio unit (32), an uplink data
10 transmission from the MTC device (16), the uplink data transmission using
an unknown MCS that is equal to or less aggressive than the initial MCS
indicated in the uplink grant, and
detect the unknown MCS used for the uplink data transmission
from the MTC device (16).

15
27. The base station (12) of claim 26 wherein, in order to detect the unknown
MCS, the base station (12) is further operative to:
determine that decoding of the uplink data transmission using the initial
MCS failed; and
20 attempt to decode the uplink data transmission using a more robust MCS

upon determining that decoding of the uplink data transmission using the initial
MCS failed.



PCT/IB2016/053103

WO 2016/189496

1/11

L "OId




WO 2016/189496

'i“:;

Frgo s

e

2/11

Z

GO
354

oD

o

L

El‘d\i\‘k‘iﬁ RESR

‘\3\\\\\‘?“

sgoRi] WIIR

PCT/IB2016/053103

FIG. 2



PCT/IB2016/053103

WO 2016/189496

3/11

i 9 B

m Q‘l paAlesal 4 0¢
z 6

% 9

% 9

7 9

2665 | vves | s96v | vocv | veoe | veec | sowe | 00sh | eelh & 9

%5 | 0915 | vecv | soov | 9eve | s | 08z | %l | soll oI T2 @ 2
7565 | o/l | vow | wsie | ovee | vo% | i | so9r | veor | o | @ s 2 &
896y | ¥8%v | 800v | 96v | ¥86C | clwc | ceeh | osvh | 000b | 887 | W 0c 2 @
/8y | i | 2o | ovee | celz | wver | vosl | weeb | vos | ow | @ e 2 e
oty | 0see | %ve | mec | 0% | wsiz | %€ | e8¢ | om | sov | e 8 2 0c
800y | vz | aie | a6z | vvec | ceeh | wboh | oobk | 92 | 9 | s Z 2 6l
2% | Ovee | %8z | %Sz | ek | oosh | ovwl | veob | 969 | 95 | &4 e ? 8
orze | veec | 009z | 08z | szeb | s09b | esch | 896 | zeo | sz | o el 9 L
2ie | sz | ave | i | oosv | wveh | vear | w08 | o000 | osz | o el v S
oeez | 009 | 082 | 266 | %L | ovvb | seuk | ove | e | 9z | w s v l
%SC | 082z | veoz | ook | vkl | osah | oooh | vz | sw | vz | e el 4 r
82z | veoz | 008k | 8091 | cseb | scib | vos | o089 | ow | sz | o d v s
yz0z | 008k | 209b | w8ek | z6bb | ooo | 9uz | ves | 9k | o4 | W di v o
o | vwsl | mwer | vzeh | zeor | cz8 | o089 | vos | sz | vwk | o o 1 e
el | onh | wzb | 90b | 986 | o | o9 | 9sz | 9sc | 9k | 6 6 y o
el | 9Gzb | 9500 | 8% | 808 | 089 | 965 | 266 | 9% plemdd 3 6 4 6
vzzl | %00 | 896 | o8 | ¢i. | ves | e | sz | vz 8
ze0L | o9e6 | 808 | ci. | 009 | vos | zee | 9s¢ | ol L
28 | 92 | 089 | 009 | wos | vzv | see | vz | vmb | o | S 9 ¢ 9
969 | 29 | o | ser | sor | sz | oz | sz | oz | 9% y § ¢ §
gos | v0s | owr | zec | sze | 9s¢ | soz | ou | vor | ov £ v ¢ v
yey | o | sz | o, | 9%z | 8oz | 94 | | @ | e z £ ¢ £
wve | sze | 9z | vez | 8oz | 94 | v | e | 95 | w | ¢ ¢ ¢
osz | vzz | 8oz | 94 | cor | oz | @ | o | & | o 0 4 ¢ 4
00 [ 6 18 72 1916 Tv ¢zl 0 4 0

audpy Sgl saly “O sony
XepuISgl | Jepio uoeinpoyy | xepur SO

(014 X g uoisuawip) S|ge) 21S %90iq Jodsuel] :|-|'Z'L) L dgel

HOS(d 10} 9|qe} Xapul Sg1 pue UoHeNpo -|-1°/°|"/ dlgqel




PCT/IB2016/053103

WO 2016/189496

4/11

v "Old

goor
30IA3a
DLW IHL Y04 Sl a3oNAa3Y vV SAIASILYS LvHL
SOW 1N (LSNGOY FHOW “"T'1) FAISSTHOOY SST1
¥ OL SOW 1N TVILINI WO¥4 SOW 1N 3DoNA3Y

_
_
mm_._.._<_._._z_z<o._.®z_n_zon_mm_m_w_oo _

SO N TVILINI FHL 'SFDIAIA OLA-NON HO4
4318 199HV.L NO a3Svd SOW 1N TVILININIVLE0 "

7
30IA3Ad OLIN IHL NOYA
1N 3HL 0L 1034534 HLIM SOW 1N IHL 3SN

1 404 4379 1394v.1 d430NAa3y OL TVvNO3 S ¥4

S301A3d 01N

" N LYHL HONS ¥3MOd LINSNVHL 1N 3SY3403d _

00F
NOILO3T3S
S91214193dS-0LN "9'3 'NO a3Svg I0IA3a
QLN HO4 A3ZINILJO SOW 1N ININYL3A




PCT/IB2016/053103
5/11

WO 2016/189496

g Old

P
SO 1N M3N 40 NOILOFL3A ANITE 7L \//

-
SO 1N M3N ONISN NOISSINSNVHLYLYA N ¢le

|||||||||||||||||||||||||||||||||| >

S30IAJA O1N 404 4378 1308vV.L dI0NAT SO 1N MAN 40 NOILVOIANI 0l¢
0L WNO3 S1¥319 N LYHLHONS ¢

~

H3IMOJ LINSNVYHL TN 3SY3403a 80 ]

NOILO313S S41 J14103dS
-0LN 93 ‘NO a3Svd 30IA3d JLN HOA
a3ZIN1Ld0 SON 1N M3AN ANINYGT LA "90¢

NOILO3T3S SOW 1N TVILINI ONIANTONI INVEO N 70¢

JZIS¥344N9 1Ny,
ANY SNOILIONOD TANNVHD 1N G3IAY3ISE0 ¢
93 'NO @3Svd SO 1N LOA13S 20¢C

~




WO 2016/189496 6/11 PCT/IB2016/053103

RECEIVE UL DATA
TRANSMISSION
300

DECODING
FAIL?
302

CONTINUE PROCESSING
NO»{  USING INITIAL MCS
310

YES
v

MAP RECEIVED SOFT VALUES
TO ACONSTELLATION OF A
MORE ROBUST MCS
304

DOES
CRC CHECK?
306

YES
v

CONTINUE USING THE MORE
ROBUST MCS
308

FIG. 6



PCT/IB2016/053103

4 "OId

L
SO 1N ONISN NOISSIASNVYHL VLvad N 0Ly

7/11

NOILO3TES SO 1N ONIANTONI INVHO N 80

S30INJA OLN 404 8318 1398V 1 43oNA3d
0L 1vND3 S1¥31d 1N LYHL HONS
43IMOd LINSNVHL TN 3SY3403a 90¥ 7]

VY

J14103dS-0LN "3 'NO a3Svd 30INIA ILN

NOILO313S Sl m
404 A3ZINILHO SO N ANING3L3a ¥0v

J0IA3d 0L V SI M 3HL 1VHL ANING3L3a ¢y ﬂ

WO 2016/189496

=3
©

3ZIS ¥344Ng N "LSINDIY ONIMNAIHIS 007




PCT/IB2016/053103

WO 2016/189496

8/11

8 '9Id

goos
30IA3a
DLW IHL Y04 Sl a3oNAa3Y vV SAIASILYS LvHL
SO 1a (LSNGOY FHOW “T'1) FAISSTHDOY SST1
¥ OL SOW 1a TVILINI WO¥4 SOW 1d 3oNA3y

Y005
SALVILININY OL ONIANOdSIHH 0D
SO 10 TVILINI FHL ‘S3DIA3A OLA-NON ¥O4
4319 1394VL NO d3Sv4a SO 1d TVILINI Lo313S

p0g
30IA3Ad OLIN IHL NOYA
10 3HL 0L 1034534 HLIM SOW 1d IHL 3SN

05
S301A3d 01N
404 ¥379 1394V1 d30NA3y 0L VN0 S1¥319
10 LYHL HONS ¥3MOd LINSNVHL 1d 3SY3403d _

009
30I1A3d
O HO4 A3ZINILJO SO 1d ININE.L3d




PCT/IB2016/053103

6 'Old

SO Ta ONISN NOISSINSNYHLV1vAd1d 019

9/11

NOILO3T3S
SOWONIANTONI NOILYIWHO4NI TO4LNOD 1d 809

S30INJA OLN 404 8318 1398V 1 43oNA3d
0L WNO3 S1¥379 70 LYHLHONS ¢

~

43IMOd LINSNVHL 10 3SY3403d 909 7]

30IA3Ad 01N
404 d3ZINILdO SO 1d ANINY1L3a 709

J0IA3d 0L V SI M 3HL 1VHL ANINGFL3A 209 ﬂ

WO 2016/189496

=
©

L.
NOILYWHOANI 3LVLS TANNVYHO 009




WO 2016/189496

10/11

PCT/IB2016/053103

12

rd

38
BASEBAND UNIT
24
NETWORK RADIO UNIT(S
INTERFACE ~ (w—#-{ PROCESSOR(S) o)
20 26 32
¢ > | TX(S) 34 N
MEMORY RX(S) 36

28
FIG. 10

BS
12

OPTIMIZED MCS DETERMINATION MODULE

40

MCS USE MODULE

FIG. 11



WO 2016/189496 PCT/IB2016/053103
11/11

/16

56
TRANSCEIVER
50 :
MEMORY PROCESSOR(S : 56
48 Rl B et [x982] | ./
\‘/
RX(S) 54 ____E
FIG. 12
WD (MTC)
16

OPTIMIZED MCS DETERMINATION MODULE
8

MCS USE MODULE
60

FIG. 13



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2016/053103

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4w4/00 HO4L5/00
ADD.

HO4L1/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4W HOAL

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data, COMPENDEX, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2013/066125 Al (SAMSUNG ELECTRONICS CO 1-3,
LTD [KR]) 10 May 2013 (2013-05-10) 11-15,
18-20,23
Y paragraph [0046] - paragraph [0051]; 2,4,5,
figures 8-9 15,17,
paragraph [0056] - paragraph [0067] 19,21-23
paragraph [0080] - paragraph [0091]
X US 20147198677 Al (XU HAO [US] ET AL) 1,11,18
17 July 2014 (2014-07-17)
paragraph [0062] - paragraph [0066]
X US 20137315152 Al (RATASUK RAPEEPAT [US] 1,6-8,
ET AL) 28 November 2013 (2013-11-28) 18,24-27
Y paragraph [0100] - paragraph [0102] 9,10,16
- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

31 August 2016

Date of mailing of the international search report

07/09/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Giglietto, Massimo

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2016/053103

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Project; Technical Specification Group
Radio Access Network; Study on provision

of low-cost MTC UEs based on LTE; (Release

11) n ,

3GPP DRAFT;
R1-122959 3GPP_TR 36.888 V1 0 1, 3RD
GENERATION PARTNERSHIP PROJECT (3GPP),
MOBILE COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
; FRANCE,

25 May 2012 (2012-05-25), XP050601194,
[retrieved on 2012-05-25]

paragraph [6.5.2.2]

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2014/301288 Al (KOC ALI [US] ET AL) 2,4,5,9,
9 October 2014 (2014-10-09) 10,
15-17,
19,21-23
paragraph [0028] - paragraph [0032]
paragraph [0044]
Y 3GPP: "3rd Generation Partnership 5,17,22

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2016/053103
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2013066125 Al 10-05-2013 KR 20130049582 A 14-05-2013
US 2013114533 Al 09-05-2013
WO 2013066125 Al 10-05-2013

US 2014198677 Al 17-07-2014  CN 105052065 A 11-11-2015
EP 2946509 A2 25-11-2015
JP 2016507182 A 07-03-2016
KR 20150107789 A 23-09-2015
US 2014198677 Al 17-07-2014
WO 2014113243 A2 24-07-2014

US 2013315152 Al 28-11-2013  EP 2856834 Al 08-04-2015
US 2013315152 Al 28-11-2013
WO 2013174800 Al 28-11-2013

US 2014301288 Al 09-10-2014 CN 105009662 A 28-10-2015
CN 105009684 A 28-10-2015
CN 105027468 A 04-11-2015
CN 105027469 A 04-11-2015
CN 105027499 A 04-11-2015
CN 105027666 A 04-11-2015
CN 105103473 A 25-11-2015
CN 105122673 A 02-12-2015
CN 105265016 A 20-01-2016
EP 2982055 Al 10-02-2016
EP 2982056 Al 10-02-2016
EP 2982058 Al 10-02-2016
EP 2982059 Al 10-02-2016
EP 2982078 Al 10-02-2016
EP 2982154 Al 10-02-2016
EP 2982158 Al 10-02-2016
EP 2982178 Al 10-02-2016
EP 2982197 Al 10-02-2016
EP 2982216 Al 10-02-2016
EP 2982219 Al 10-02-2016
JP 2016517648 A 16-06-2016
KR 20150119889 A 26-10-2015
TW 201445961 A 01-12-2014
TW 201446043 A 01-12-2014
TW 201446056 A 01-12-2014
TW 201505403 A 01-02-2015
TW 201507387 A 16-02-2015
TW 201507499 A 16-02-2015
TW 201507501 A 16-02-2015
TW 201507534 A 16-02-2015
US 2014301288 Al 09-10-2014
US 2014301290 Al 09-10-2014
US 2014301354 Al 09-10-2014
US 2014302851 Al 09-10-2014
US 2014302887 Al 09-10-2014
US 2016014667 Al 14-01-2016
US 2016020890 Al 21-01-2016
US 2016021593 Al 21-01-2016
US 2016029234 Al 28-01-2016
US 2016029344 Al 28-01-2016
US 2016044099 Al 11-02-2016
US 2016044704 Al 11-02-2016
US 2016050706 Al 18-02-2016

Form PCT/ISA/210 (patent family annex) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2016/053103
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2016066243 Al 03-03-2016
US 2016192410 Al 30-06-2016
WO 2014163686 Al 09-10-2014
WO 2014163690 Al 09-10-2014
WO 2014163691 Al 09-10-2014
WO 2014163693 Al 09-10-2014
WO 2014163696 Al 09-10-2014
WO 2014163697 Al 09-10-2014
WO 2014165338 Al 09-10-2014
WO 2014165411 Al 09-10-2014
WO 2014165517 Al 09-10-2014
WO 2014165603 Al 09-10-2014
WO 2014165656 Al 09-10-2014
WO 2014165657 Al 09-10-2014
WO 2014165690 Al 09-10-2014

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - wo-search-report
	Page 43 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report

