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Systems and Methods for Configuring Modified Air Interfaces

[0001] This patent application claims priority to U.S. Patent Application No. 15/093,944,
filed April 8, 2016 and entitled “Systems and Methods for Configuring Air Interfaces with
Low Overhead,” which claims priority to U.S. Provisional Application No. 62/250,956, filed
on November 4, 2015 and entitled “Systems and Methods for Configuring Air Interfaces with
Low Overhead,” the contents of all of which are hereby incorporated by reference herein as if

reproduced in their entirety.
TECHNICAL FIELD

[0002] The present invention relates to wireless communications, and, in particular

embodiments, to systems and methods for configuring air interfaces with low overhead.

BACKGROUND

[0003] Next-generation wireless networks will need to support diverse traffic types (e.g.,
voice, data, mobile-gaming), while providing high throughput rates over various, oftentimes
changing, channel conditions. To achieve this, network devices may need to have the
capability to dynamically establish different air interface configurations in an efficient
manner. Accordingly, techniques for efficiently configuring air interfaces in wireless

networks are desired.

SUMMARY OF THE INVENTION

[0004] Technical advantages are generally achieved by embodiments of this disclosure
which describe systems and methods for configuring air interfaces with low overhead.
[0005] In accordance with an embodiment, a method for reducing overhead during air
interface configuration is provided. In this example, the method includes sending an index
and a modification instruction to wireless device. The index is associated with a first one of a
plurality of predefined air interface configurations, and the modification instruction indicates
a modification of one or more parameters of the first predefined air interface configuration to
produce a modified air interface configuration. The index and the modification instruction
instruct the wireless device to establish the modified air interface configuration without first
establishing the predefined air interface configuration. An apparatus for performing this
method is also provided.

[0006] In accordance with another embodiment, yet another method for reducing

overhead during air interface configuration is provided. In this example, the method includes
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receiving an index and a modification instruction from a network device at a wireless device.
The index is associated with a first one of a plurality of predefined air interface
configurations, and the modification instruction indicates a modification of one or more
parameters of the first predefined air interface configuration to produce a modified air
interface configuration. The method further includes establishing the modified air interface
configuration based on the index and the modification instruction without first establishing
the predefined air interface configuration. An apparatus for performing this method is also
provided.

[0007] In accordance with another embodiment, yet another method for reducing
overhead during air interface configuration is provided. In this example, the method includes
sending indices of a plurality of predefined air interface configurations to a wireless device,
and receiving a specific one of the indices from the wireless device. The specific index
identifies one of the plurality of predefined air interface configurations selected by the
wireless device. An apparatus for performing this method is also provided.

[0008] In accordance with another embodiment, yet another method for reducing
overhead during air interface configuration is provided. In this example, the method includes
receiving indices of a plurality of predefined air interface configurations from a network
device at a wireless device, and selecting one of the plurality of predefined air interface
configurations. The selected predefined air interface configuration is associated with a
specific one of the indices. The method further includes sending the specific index to the

network device. An apparatus for performing this method is also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a more complete understanding of the present invention, and the advantages
thereof, reference is now made to the following descriptions taken in conjunction with the

accompanying drawing, in which:

[0010] FIG. 1 is a diagram of an embodiment wireless network;

[0011] FIG. 2 is a diagram of an embodiment communications sequence for establishing
an air interface configuration;

[0012] FIG. 3 is a flowchart of an embodiment method for dynamically establishing an
air interface configuration;

[0013] FIG. 4 is a flowchart of another embodiment method for dynamically establishing

an air interface configuration;
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[0014] FIG. 5 is a diagram of another embodiment communications sequence for
establishing an air interface configuration;

[0015] FIG. 6 is a flowchart of yet another embodiment method for dynamically
establishing an air interface configuration;

[0016] FIG. 7 is a flowchart of yet another embodiment method for dynamically
establishing an air interface configuration;

[0017] FIG. 8 is a diagram of yet another embodiment communications sequence for
establishing an air interface configuration;

[0018] FIG. 9 is a flowchart of yet another embodiment method for dynamically
establishing an air interface configuration;

[0019] FIG. 10 is a flowchart of yet another embodiment method for dynamically
establishing an air interface configuration;

[0020] FIG. 11 is a diagram of embodiment control signaling messages;

[0021] FIG. 12 is a diagram of an embodiment control signaling message;

[0022] FIG. 13 is a diagram of an embodiment processing system; and

[0023] FIG. 14 is a diagram of an embodiment transceiver.

[0024] Corresponding numerals and symbols in the different figures generally refer to
corresponding parts unless otherwise indicated. The figures are drawn to clearly illustrate the

relevant aspects of the embodiments and are not necessarily drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0025] The making and using of embodiments of this disclosure are discussed in detail
below. It should be appreciated, however, that the present invention provides many
applicable inventive concepts that can be embodied in a wide variety of specific contexts.
The specific embodiments discussed are merely illustrative of specific ways to make and use
the invention, and do not limit the scope of the invention.

[0026] Network devices may instruct wireless devices to dynamically configure an air
interface based on a subset of parameters. The subset of parameters used to configure an air
interface are collectively referred to as the “air interface configuration,” and may include
physical layer parameters, a waveform, a transmission mode, an access scheme, a re-
transmission scheme, or a combination thereof. One approach to dynamically configuring an
air interface is to communicate an index associated with a predefined air interface
configuration to a mobile device via control signaling. More specifically, a pool of candidate

air interface configurations are predefined for a network such that the parameters specified by
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each of the candidate air interface configurations are known by network devices in the
network and wireless devices that access the network. Each of the candidate air interface
configurations is associated with a different index. The parameters and index associations of
the candidate air interface configurations may be stored in a wireless device by the
manufacturer. Alternatively, the wireless device may learn the parameters and index
associations of candidate air interface configurations predefined for a network during a
previous communication session between the wireless device and the network or from a third
party, e.g., received from another wireless device, downloaded from a discovery server. The
amount of control signaling overhead required to support dynamic air interface configuration
when using the aforementioned approach is largely dependent on how many candidate air
interface configurations are predefined for the network. A larger pool of candidate air
interface configurations will require a larger range of indices, thereby increasing the number
of bits needed to signal the index.

[0027] Aspects of this disclosure reduce the amount of overhead required to dynamically
establish an air interface configuration by communicating a modification instruction along
with the index. The modification instruction identifies a modification to one or more
parameters of the predefined air interface configuration associated with the index. Together,
the index and the modification indication specify a modified air interface configuration that is
different than any of the candidate air interface configurations predefined for the network. By
communicating the modified air interface instruction along with the index, a network device
instructs the wireless device to establish the modified air interface configuration without first
establishing the predefined air interface configuration. As used herein, a predefined air
interface configuration is “established” when a transmission is performed according to the
parameters defined by the predefined air interface configuration. Thus, the modification
instruction allows networks to achieve similar degrees of flexibility while using fewer
predefined air interface configurations, which in turn permits the index associated with the
selected air interface configuration to be signaled using fewer bits. This overhead savings
outweighs the control signaling overhead associated with the modification instruction for
many network configurations.

[0028] In an embodiment, the modification instruction instructs the wireless device to
modify a Hybrid Automatic Repeat reQuest (HARQ) retransmission scheme specified by the
predefined air interface configuration. In another embodiment, the modification instruction
instructs the wireless device to add a HARQ retransmission scheme to, or remove one from,

the predefined air interface configuration. In yet another embodiment, the modification
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instruction instructs the wireless device to modify a waveform of the predefined air interface
configuration. For example, the predefined air interface configuration may specify using an
orthogonal frequency-division multiplexed (OFDM) waveform, and the modification
instruction may instruct the wireless device to use a code division multiplexed (CDM)
waveform, rather than the OFDM waveform. In yet another embodiment, the modification
instruction instructs the wireless device to modify a physical layer parameter of the
predefined air interface configuration. For example, the modification instruction may instruct
the wireless device to modify a subcarrier spacing, cyclic prefix (CP) length, symbol duration,
and/or transmission time interval (TTI) length associated with the predefined air interface
configuration.

[0029] Additionally, aspects of this disclosure allow a wireless device to select a
predefined air interface configuration. In one embodiment, the network device sends indices
associated with multiple predefined air interface configurations to a wireless device. The
wireless device then selects one of the predefined air interface configurations, and returns the
corresponding index to the network device, which prompts establishment of the selected air
interface configuration between the wireless device and a base station in the network.

[0030] In some embodiments, the wireless device communicates a modification
instruction to a network device to request that a modification be made to an air interface
configuration associated with an index. The air interface configuration may have been
selected by the network device, in which case the wireless device communicates the
modification instruction to the network device after the wireless device receives the index
from the network device. Alternatively, the air interface configuration may have been
selected by the wireless device, in which case the wireless device communicates the
modification instruction along with the index to the network device. These and other aspects
are explained in greater detail below.

[0031] FIG. 1 is a diagram of a wireless network 100 for communicating data. The
wireless network 100 includes a base station 110 having a coverage area 101, a plurality of
mobile devices 120, and a backhaul network 130. As shown, the base station 110 establishes
uplink (dashed line) and/or downlink (dotted line) connections with the mobile devices 120,
which serve to carry data from the mobile devices 120 to the base station 110 and vice-versa.
Data carried over the uplink/downlink connections may include data communicated between
the mobile devices 120, as well as data communicated to/from a remote-end (not shown) by
way of the backhaul network 130. As used herein, the term “base station” refers to any

component (or collection of components) configured to provide wireless access to a network,
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such as an evolved NodeB (eNB), a macro-cell, a femtocell, a Wi-Fi access point (AP), or
other wirelessly enabled devices. Base stations may provide wireless access in accordance
with one or more wireless communication protocols, e.g., long term evolution (LTE), LTE
advanced (LTE-A), High Speed Packet Access (HSPA), Wi-Fi 802.11a/b/g/n/ac. As used
herein, the term “mobile device” refers to any component (or collection of components)
capable of establishing a wireless connection with a base station. The terms “mobile device,”
“user equipment (UE),” and “mobile station (STA)” are used interchangeably throughout this
disclosure. In some embodiments, the network 100 may comprise various other wireless
devices, such as relays. The term wireless device refers to any device that accesses, or
facilitates access to, a wireless network, such as a mobile device, relay station, or smart
device. The term network device refers to any device that provides, facilitates, or controls
access to a wireless network, such as a base station, scheduler, or central controller. In some
embodiments, a network device communicates directly with a wireless device. In other
embodiments, a network device communicates indirectly with a wireless device, as may
occur when a scheduler or central controller communicates with a mobile station via an
intermediate base station.

[0032] Embodiments of this disclosure use a modification instruction to modify a
parameter of a predefined air interface configuration. The modification instruction may
indicate a modification to one or more physical layer parameters associated with a predefined
air interface configuration. For example, the modification instruction may indicate a
modification to any one, or combination of, a transmission time interval (TTI), a symbol
duration, a cyclic prefix (CP) length, and a sub-carrier spacing associated with a predefined
air interface configuration.

[0033] The modification instruction may indicate a modification to a waveform specified
by a predefined air interface configuration. The predefined air interface configuration may be
associated with any waveform that is capable of carrying a wireless transmission. The
modification instruction may indicate that the waveform associated with the predefined air
interface configuration is to be substituted with any other waveform that is capable of
carrying a wireless transmission. For example, the modification instruction may indicate
switching between any of the following waveforms: an OFDM waveform, a single carrier
frequency division multiplexed (SC-FDM) waveform, a filter bank multi-carrier (FBMC)
waveform, an interleaved frequency division multiplexed (IFDM) waveform, a CDM
waveform, a discrete Fourier transform-spread OFDM (DFT-S-OFDM) waveform, a filtered
OFDM (F-OFDM) waveform, and a sparse code multiple access (SCMA) waveform.
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[0034] The modification instruction may indicate a modification to an access scheme
associated with a predefined air interface configuration. For example, the modification
instruction may indicate switching from a scheduling-based access scheme to a grant-free
access scheme, or vice versa. The grant-free access scheme may or may not use contention-
based access (e.g., listen before talk, etc.). For instance, one grant-free scenario may allow a
UE to use dedicated resources without the need for contention. In another example, the
modification instruction may indicate switching from a scheduling-based access scheme or a
grant-free access scheme to a mixed access scheme supporting both scheduling-based access
and grant-free access. In such an embodiment, a UE may select one or both of the scheduling-
based and grant-free access schemes to transmit various types of data. In one example, the
UE selects scheduling-based access for long data packet transmissions, and grant-free access
for short data packet transmissions. In another example, the UE transmits data for delay-
sensitive applications using a grant-free access scheme, and transmits data for delay-tolerant
applications using a scheduling-based access scheme. In some embodiments, an air interface
configuration specifies different access techniques for different sets of resources. For
example, the air interface configuration may specify that some resources are accessed via
contention-based grant-free access and other resources are accessed via a scheduling-based
access. The modification instruction may indicate a modification of a re-transmission scheme
associated with a predefined air interface configuration. For example, the modification
instruction may indicate that a parameter of a HARQ re-transmission scheme (e.g., a round-
trip-time, etc.) is to be modified. Alternatively, the modification instruction may indicate that
a HARQ re-transmission scheme is to be added to, or removed from, the subset of parameters
associated with the predefined air interface configuration.

[0035] Embodiments of this disclosure provide methods for using a modification
instruction and an index to establish a modified air interface configuration. FIG. 2 is a
diagram of an embodiment communications sequence 200 for establishing an air interface
configuration. In the communications sequence 200, a network device 210 sends an index
212 and a modification instruction 214 to a wireless device 220. In this example, the network
device 210 is a base station and the wireless device 220 is a UE. In other examples, the
network device 210 may be a network controller, and the wireless device 220 may be a base
station, a relay, or any other device configured to communicate over an air interface. The
index 212 is associated with a predefined air interface configuration. The association between
the index 212 and the predefined air interface configuration may be a priori information to

the wireless device 220. For example, the wireless device 220 may maintain a look up table
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that associates a set of indices with a set of predefined air interface configurations. The
modification instruction 214 indicates a modification to one or more parameters of the
predefined air interface configuration associated with the index 212. After receiving the index
212 and the modification instruction 214, the wireless device 220 establishes the modified Al
218 without first establishing the predefined air interface configuration. The index 212 and
the modification instruction 214 may be transmitted together in the same control signaling
message or separately in different control signaling messages.

[0036] In an embodiment, the modification instruction 214 instructs the wireless device
220 to modify a HARQ retransmission scheme specified by the predefined air interface
configuration. In another embodiment, the modification instruction 214 instructs the wireless
device 220 to add, or remove, a HARQ retransmission scheme to, or from, the predefined air
interface configuration associated with the index 212. In yet another embodiment, the
modification instruction 214 instructs the wireless device 220 to modify a waveform of the
predefined air interface configuration associated with the index 212. For example, the
predefined air interface configuration may specify using an OFDM waveform, and the
modification instruction 214 may instruct the wireless device 220 to use a CDM waveform,
rather than the OFDM waveform. In yet another embodiment, the modification instruction
214 instructs the wireless device 220 to modify a physical layer parameter of the predefined
air interface configuration associated with the index 212. For example, the modification
instruction 214 may instruct the wireless device 220 to modify a subcarrier spacing, CP
length, symbol duration, and/or TTI length associated with the predefined air interface
configuration associated with the index 212.

[0037] FIG. 3 is a flowchart of an embodiment method 300 for dynamically establishing
an air interface configuration, as might be performed by a network device. At step 310, the
network device sends an index and a modification instruction to a wireless device. The index
is associated with one of the candidate air interface configurations predefined by the network,
and the modification instruction indicates a modification of one or more parameters of the
predefined air interface configuration. Together, the index and the modification instruction
identify a modified air interface configuration. At step 320, the network device establishes, or
instructs the establishment of, the modified air interface configuration between the wireless
device and a base station based on the index and the modification instruction. The modified
air interface configuration is established between the wireless device and the base station
without first establishing the predefined air interface configuration between the wireless

device and the base station.
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[0038] FIG. 4 is a flowchart of an embodiment method 400 for dynamically establishing
an air interface configuration, as might be performed by a wireless device. At step 310, the
wireless device receives an index and a modification instruction from a network device. At
step 320, the wireless device establishes a modified air interface configuration with a base
station based on the index and the modification instruction. The network device that
communicates the index and modification instruction may be the base station or another
network device (e.g., a central controller). The modified air interface configuration is
established between the wireless device and the base station without first establishing the
predefined air interface configuration between the wireless device and the base station.
[0039] Embodiments of this disclosure allow a wireless device to select a predefined air
interface configuration. FIG. 5 is a diagram of an embodiment communications sequence 500
for establishing an air interface configuration. In the communications sequence 500, a
network device 510 sends at least one control message 511 to indicate multiple candidate air
interface configurations to a wireless device 520. In this example, the network device 510 is a
base station and the wireless device 520 is a UE. In other examples, the network device 510
may be a network controller, and the wireless device 520 may be a base station, a relay, or
any other device configured to communicate over an air interface. In one embodiment, the
control message 511 carries a list of information elements, each of which indicates
parameters for a different one of the candidate air interface configurations. In another
embodiment, the control message 511 carries a list of indices associated with a subset of pre-
defined air interface configurations. By way of example, the wireless device 520 may
maintain a look up table that associates a set of indices with a set of predefined air interface
configurations, and the list of indices in the control message 511 may include a subset of
indices from the set of indices stored in the look up table. The wireless device 520 may then
select one of the candidate air interface configurations indicated by the control message 511.
Air interface configurations that are excluded from the control message 511, or that are
associated with indices excluded from the list of indices in the control message 511, may not
be available for selection by the wireless device. The wireless device 520 may then
communicate an index 512 associated with the selected air interface configuration to the
network device 510. In some embodiments, the multiple candidate air interface
configurations are a priori information to the wireless device 520, and the wireless device 520
communicates the index 512 without receiving the control message 511 from the network
device 510. For example, the multiple candidate air interface configurations may have been

known from a previous session between the wireless device 520 and the network device, or
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otherwise hard-coded in the memory of the wireless device 520 by the manufacturer. After
receiving the index 512, the network device 510 may establish the selected air interface 518
with the wireless device.

[0040] FIG. 6 is a flowchart of an embodiment method 600 for dynamically establishing
an air interface configuration, as might be performed by a network device. At step 610, the
network device sends a control message indicating multiple candidate air interface
configurations to a wireless device. At step 620, the network device receives at least one
index from the wireless device. In one embodiment, the network device receives a single
index associated with a specific one of the candidate air interface configurations indicated in
the control message. The specific candidate air interface configuration may have been
selected by the wireless device after receiving the control message. In another embodiment,
the network device receives the indices associated with a subset of candidate air interface
configurations indicated in the control message. The indices may be associated with a subset
of the air interface configurations deemed acceptable to, or preferred by, the wireless device.
At step 630, the network device establishes, or instructs the establishment of, a predefined air
interface configuration associated with an index received from the wireless device. The index
may be the only index received by the wireless device, or one of multiple indices received
from the wireless device.

[0041] FIG. 7 is a flowchart of an embodiment method 700 for dynamically establishing
an air interface configuration, as may be performed by a wireless device. At step 710, the
wireless device receives a control message indicating multiple air interface configurations
from a network device. At step 720, the wireless device selects one or more of the air
interface configurations. At step 730, the wireless device sends one or more indices
associated with the one or more selected air interface configurations to the network device.
At step 740, the wireless device establishes an air interface configuration with a base station.
[0042] FIG. 8 is a diagram of an embodiment communications sequence 800 for
establishing an air interface configuration. In the communications sequence 800, a network
device 810 sends a control message 811 to a wireless device 820. In this example, the
network device 810 is a base station and the wireless device 820 is a UE. In other examples,
the network device 810 may be a network controller, and the wireless device 820 may be a
base station, a relay, or any other device configured to communicate over an air interface. In
one embodiment, the control message 811 carries a list of information elements, each of
which indicates parameters for a different candidate air interface configuration. In another

embodiment, the control message 811 carries a list of indices associated with a subset of pre-
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defined air interface configurations. By way of example, the wireless device 820 may
maintain a look up table that associates a set of indices with a set of predefined air interface
configurations, and the list of indices in the control message 811 may include a subset of
indices from the set of indices stored in the look up table The wireless device 820 may then
select one of the candidate air interface configurations indicated by the control message 811,
and then send an index 812 associated with the selected air interface configuration and a
modification instruction 814 to the network device 810. The modification instruction 814
indicates a modification to one or more parameters of the predefined air interface
configuration associated with the index 812. After receiving the index 812 and the
modification instruction 814, the network device 810 establishes the modified air interface
configuration 818 without first establishing the predefined air interface configuration.

[0043] In an embodiment, the modification instruction 814 requests that the network
device 810 modify a HARQ retransmission scheme specified by the predefined air interface
configuration associated with the index 812. In another embodiment, the modification
instruction 814 requests that the network device 810 add, or remove, a HARQ retransmission
scheme to, or from, the predefined air interface configuration associated with the index 812.
In yet another embodiment, the modification instruction 814 requests that the network device
810 modify a waveform of the predefined air interface configuration associated with the
index 812. For example, the predefined air interface configuration may specify using an
OFDM waveform, and the modification instruction 814 may instruct the wireless device 220
to use a CDM waveform, rather than the OFDM waveform. In yet another embodiment, the
modification instruction 814 requests that the network device 810 modify a physical layer
parameter of the predefined air interface configuration associated with the index 812. For
example, the modification instruction 814 may request that the network device 810 modify a
subcarrier spacing, CP length, symbol duration, and/or TTI length associated with the
predefined air interface configuration associated with the index 812.

[0044] In some embodiments, a wireless device sends an index and a modification
instruction to a network device to request establishment of a modified air interface
configuration. FIG. 9 is a flowchart of an embodiment method 900 for dynamically
establishing an air interface configuration, as might be performed by a network device. At
step 910, the network device sends a control message indicating multiple candidate air
interface configurations to a wireless device. At step 920, the network device receives an
index and a modification instruction from the wireless device. The index is associated with

one of the candidate air interface configurations indicated in the control message. At step 930,
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the network device establishes, or instructs the establishment of, a modified air interface

configuration based on the index and modification instruction received by the wireless device.

[0045]

FIG. 10 is a flowchart of an embodiment method 1000 for dynamically

establishing an air interface configuration, as might be performed by a wireless device. At

step 1010, the wireless device receives a control message indicating multiple candidate air

interface configurations from a network device. At step 1020, the wireless device selects one

of the air interface configurations. At step 1030, the wireless device determines modifications

for one or more parameters of the selected air interface configuration. At step 1040, the

wireless device sends an index associated with the selected air interface and a modification

instruction identifying the modified parameters to the network device. At step 1060, the

wireless device establishes the modified air interface configuration with a base station.

[0046]

FIG. 11 is a diagram of embodiment control messages 1101-1103 that include

signaling to indicate an index associated with a predefined air interface configuration. The

control messages 1102, 1103 further include modification instructions to instruct the wireless

devices receiving the control instructions to modify a parameter of the predefined air

interface configuration. Table 1 identifies the predefined air interface configurations

referenced in FIG. 11.

Al index RP Type SCS CP Access Scheme Retransmission [Wireless
length Scheme Resource
0 Pico Large Small Normal Scheduled HARQ+ARQ BW1
1 Macro Normal Large Small Grant-Free HARQ{a few BW3
times)+ARQ
2 Macro+Pic | Small Large Large Grant-Free ARQ BW2
o

Al index Waveform Frame structure | Channel MCS Protocol Stack
Coding

0 OFDMA & SCMA FS type 1 LDPC & Polar  High data rate [Full without ECO
Codes

1 SC-FDMA FS type 1 cC Low datarate  [Normal without ECO

2 SCMA FS type 2 Polar Codes Low datarate [Simple with ECO

Table 1
[0047] In the example of Table 1, Al index O could be used for eMBB traffic, Al index 1

could be used for URLLC traffic, and Al index 2 could be used for mMTC traffic.
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Appropriate modifications could be selected based on individual requirements. One example
modification is: Al index 1 with TRP type: macro + pico; access scheme: scheduled; frame
structure type 2. Other modifications are possible.

[0048] In this example, the control message 1101 instructs a UE (UE1) to use a
predefined air interface configuration associated with the index 0. The control message 1102
instructs a UE (UE2) to modify a multiple access (MA) scheme of a predefined air interface
configuration associated with the index 1. According to Table 2, a first MA type (MA1) and a
second MA type (MA2) are defined by the predefined air interface configuration associated
with the index 1. The modification instruction in the control message 1102 instructs the UE2
to remove the MA1 from the predefined air interface configuration associated with the index
1. The control message 1103 instructs a UE group (UEGroup(3)) to modify a TTI duration
and a protocol configuration of a predefined air interface configuration associated with the
index 2. According to Table 2, a second TTI duration (TTI2) and a first protocol
configuration (PC1) are defined by the predefined air interface configuration associated with
the index 2. The modification instructions in the control message 1103 instruct the
UEGroup(3) to modify the predefined air interface configuration associated with the index 2
by substituting a first TTI duration (TTI1) for TTI2 and by substituting a second protocol
configuration (PC2) for PC1.

[0049] In some embodiments, multiple modification instructions for different UEs and/or
UE groups may be included in a single control message, which may be multicast or broadcast
to the UEs and/or UE groups. FIG. 12 is a diagram of an embodiment control message 1200
that includes signaling to modify a predefined air interface configuration. In this example, the
control message 1200 includes a modification instruction 1204 that instructs a UE (UE3) to
modify a TTI parameter of a predefined air interface configuration. The control message
1200 further includes a modification instruction 1205 that instructs a UE group (UEgroup(5))
to modify a protocol configuration of a predefined air interface configuration. In some
embodiments, the control message 1200 includes an index to identify the air interface
configuration being modified. In other embodiments, the air interface configuration is a
generic configuration that is a priori information to the UE4 and UEGroup(5), in which case
the index may be excluded from the control message 1200.

[0050] Control messages may carry information for one or more UEs and/or UE groups
(e.g., UEIL, UE group(2), etc.), and may be communicated from a network device to one or
more wireless devices. In some embodiments, a control message implicitly indicates Al

parameters by mapping wireless resources (e.g., a time-frequency block) to the Al parameters
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(e.g., subcarrier spacing & TTI length). In some embodiments, a control message indicates a
predefined air interface configuration selected from a set of predefined air interface
configurations, as well as modifications for one or more UEs and/or group of UEs.

[0051] FIG. 13 is a block diagram of an embodiment processing system 1300 for
performing methods described herein, which may be installed in a host device. As shown, the
processing system 1300 includes a processor 1304, a memory 1306, and interfaces 1310-1314,
which may (or may not) be arranged as shown in FIG. 13. The processor 1304 may be any
component or collection of components adapted to perform computations and/or other
processing related tasks, and the memory 1306 may be any component or collection of
components adapted to store programming and/or instructions for execution by the processor
1304. In an embodiment, the memory 1306 includes a non-transitory computer readable
medium. The interfaces 1310, 1312, 1314 may be any component or collection of
components that allow the processing system 1300 to communicate with other
devices/components and/or a user. For example, one or more of the interfaces 1310, 1312,
1314 may be adapted to communicate data, control, or management messages from the
processor 1304 to applications installed on the host device and/or a remote device. As another
example, one or more of the interfaces 1310, 1312, 1314 may be adapted to allow a user or
user device (e.g., personal computer (PC), etc.) to interact/communicate with the processing
system 1300. The processing system 1300 may include additional components not depicted in
FIG. 13, such as long term storage (e.g., non-volatile memory, etc.).

[0052] In some embodiments, the processing system 1300 is included in a network device
that is accessing, or part otherwise of, a telecommunications network. In one example, the
processing system 1300 is in a network-side device in a wireless or wireline
telecommunications network, such as a base station, a relay station, a scheduler, a controller,
a gateway, a router, an applications server, or any other device in the telecommunications
network. In other embodiments, the processing system 1300 is in a user-side device
accessing a wireless or wireline telecommunications network, such as a mobile station, a user
equipment (UE), a personal computer (PC), a tablet, a wearable communications device (e.g.,
a smartwatch, etc.), or any other device adapted to access a telecommunications network.
[0053] In some embodiments, one or more of the interfaces 1310, 1312, 1314 connects
the processing system 1300 to a transceiver adapted to transmit and receive signaling over the
telecommunications network. FIG. 14 is a block diagram of a transceiver 1400 adapted to
transmit and receive signaling over a telecommunications network. The transceiver 1400 may

be installed in a host device. As shown, the transceiver 1400 comprises a network-side
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interface 1402, a coupler 1404, a transmitter 1406, a receiver 1408, a signal processor 1410,
and a device-side interface 1412. The network-side interface 1402 may include any
component or collection of components adapted to transmit or receive signaling over a
wireless or wireline telecommunications network. The coupler 1404 may include any
component or collection of components adapted to facilitate bi-directional communication
over the network-side interface 1402. The transmitter 1406 may include any component or
collection of components (e.g., up-converter, power amplifier, etc.) adapted to convert a
baseband signal into a modulated carrier signal suitable for transmission over the network-
side interface 1402. The receiver 1408 may include any component or collection of
components (e.g., down-converter, low noise amplifier, etc.) adapted to convert a carrier
signal received over the network-side interface 1402 into a baseband signal. The signal
processor 1410 may include any component or collection of components adapted to convert a
baseband signal into a data signal suitable for communication over the device-side interface(s)
1412, or vice-versa. The device-side interface(s) 1412 may include any component or
collection of components adapted to communicate data-signals between the signal processor
1410 and components within the host device (e.g., the processing system 1300, local area
network (LAN) ports, etc.).

[0054] The transceiver 1400 may transmit and receive signaling over any type of
communications medium. In some embodiments, the transceiver 1400 transmits and receives
signaling over a wireless medium. For example, the transceiver 1400 may be a wireless
transceiver adapted to communicate in accordance with a wireless telecommunications
protocol, such as a cellular protocol (e.g., long-term evolution (LTE), etc.), a wireless local
area network (WLAN) protocol (e.g., Wi-Fi, etc.), or any other type of wireless protocol (e.g.,
Bluetooth, near field communication (NFC), etc.). In such embodiments, the network-side
interface 1402 comprises one or more antenna/radiating elements. In other embodiments, the
transceiver 1400 transmits and receives signaling over a wireline medium, e.g., twisted-pair
cable, coaxial cable, optical fiber, etc. Specific processing systems and/or transceivers may
utilize all of the components shown, or only a subset of the components, and levels of
integration may vary from device to device.

[0055] It should be appreciated that one or more steps of the embodiment methods
provided herein may be performed by corresponding units or modules. For example, a signal
may be transmitted by a transmitting unit or a transmitting module. A signal may be received
by a receiving unit or a receiving module. A signal may be processed by a processing unit or

a processing module. Other steps may be performed by an establishing and/or a selecting
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unit/module. The respective units/modules may be hardware, software, or a combination
thereof. For instance, one or more of the units/modules may be an integrated circuit, such as
field programmable gate arrays (FPGAs) or application-specific integrated circuits (ASICs).
[0056] Although this invention has been described with reference to illustrative
embodiments, this description is not intended to be construed in a limiting sense. Various
modifications and combinations of the illustrative embodiments, as well as other
embodiments of the invention, will be apparent to persons skilled in the art upon reference to
the description. It is therefore intended that the appended claims encompass any such

modifications or embodiments.
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WHAT IS CLAIMED IS:

1. A method for configuring an air interface, the method comprising:

receiving, by a wireless device, an index and a modification instruction from a
network device, the index associated with a first one of a plurality of predefined air interface
configurations, and the modification instruction indicating a modification of one or more
parameters of the first predefined air interface configuration to produce a modified air
interface configuration; and

transmitting or receiving data in accordance with the modified air interface

configuration based on the index and the modification instruction.

2. The method of claim 1, wherein transmitting or receiving data in accordance with the
modified air interface configuration comprises transmitting or receiving data in accordance
with the modified air interface configuration without first transmitting or receiving data in

accordance with the predefined air interface configuration.

3. The method of any of claims 1 to 2, wherein each of the plurality of predefined air

interface configurations comprises a predefined subcarrier spacing.

4. The method of claim 3, wherein the modification of one or more parameters

comprises a modification of the predefined subcarrier spacing.

5. The method of any of claims 1 to 4, wherein the modification instruction instructs the
wireless device to modify, add, or remove a Hybrid Automatic Repeat reQuest (HARQ)

retransmission scheme in, to, or from the first predefined air interface configuration.

6. The method of any of claims 1to 5, wherein the modification instruction instructs the

wireless device to modify a waveform of the first predefined air interface configuration.

7. The method of any of claims 1 to 6, wherein the modification instruction instructs the
wireless device to modify a physical layer parameter of the first predefined air interface

configuration.
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8. The method of claim 7, wherein the modification instruction instructs the wireless
device to modify a subcarrier spacing, cyclic prefix (CP) length, symbol duration, or

transmission time interval (TTI) length of the first predefined air interface configuration.

9. A wireless device comprising:
a processor; and
a non-transitory computer readable storage medium storing programming for
execution by the processor, the programming including instructions to:
receive an index and a modification instruction from a network device, the
index associated with a first one of a plurality of predefined air interface configurations, and
the modification instruction indicating a modification of one or more parameters of the
first  predefined air interface configuration to produce a modified air interface
configuration; and
establish the modified air interface configuration based on the index and the
modification instruction without first establishing the predefined air interface

configuration.

10. The wireless device of claim 9, wherein the modification instruction instructs the
wireless device to modify, add, or remove a Hybrid Automatic Repeat reQuest (HARQ)

retransmission scheme in, to, or from the first predefined air interface configuration.

11. The wireless device of any of claims 9 to 10, wherein the modification instruction
instructs the wireless device to modify a waveform of the first predefined air interface

configuration.

12. The wireless device of any of claims 9 to 11, wherein the modification instruction
instructs the wireless device to modify a physical layer parameter of the first predefined air

interface configuration.

13. The wireless device of claim 12, wherein the modification instruction instructs the
wireless device to modify a subcarrier spacing, cyclic prefix (CP) length, symbol duration, or

transmission time interval (TTI) length of the first predefined air interface configuration.
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14. A method for establishing an air interface, the method comprising:

receiving, by a wireless device, indices of a plurality of predefined air interface
configurations from a network device;

selecting one of the plurality of predefined air interface configurations, the selected
predefined air interface configuration associated with a specific one of the indices; and

sending the specific index to the network device.

15. The method of claim 14, further comprising:
establishing the selected air interface configuration between a base station and the

wireless device based on the specific index received from the wireless device.

16. The method of claim 14, further comprising:
sending, by the wireless device, a modification request to the network device, the
modification request requesting that one or more parameters of the selected air interface
configuration be modified to produce a modified air interface configuration; and
establishing the modified air interface configuration between a base station and the
wireless device without first establishing the selected air interface configuration being

established between the base station and the wireless device.

17. The method of claim 16, wherein the modification indication requests that a Hybrid
Automatic Repeat reQuest (HARQ) retransmission scheme be modified in, added to, or

removed from the selected air interface configuration.

18. The method of claim 16, wherein the modification request requests modification of a

waveform of the selected air interface configuration.

19. The method of claim 16, wherein the modification request requests modification of a
subcarrier spacing, cyclic prefix (CP) length, symbol duration, or transmission time interval

(TTI) length of the selected air interface configuration.

20. A wireless device comprising:
a processor; and
a non-transitory computer readable storage medium storing programming for

execution by the processor, the programming including instructions to:
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receive indices of a plurality of predefined air interface configurations from a
network device;
select one of the plurality of predefined air interface configurations, the
selected predefined air interface configuration associated with a specific one of the
indices; and

send the specific index to the network device.

21. The wireless device of claim 20, wherein the programming further includes
instructions to:
establish the selected air interface configuration between a base station and the

wireless device based on the specific index received from the wireless device.

22. The wireless device of claim 20, wherein the programming further includes
instructions to:

send a modification request to the network device, the modification request requesting
that one or more parameters of the selected air interface configuration be modified to produce
a modified air interface configuration; and

establish the modified air interface configuration between a base station and the
wireless device without first establishing the selected air interface configuration being

established between the base station and the wireless device.

23. The wireless device of claim 22, wherein the modification indication requests that a
Hybrid Automatic Repeat reQuest (HARQ) retransmission scheme be modified in, added to,

or removed from the selected air interface configuration.

24. A method for reducing overhead during air interface configuration, the method
comprising:

sending, by a network device, an index and a modification instruction to wireless
device, the index associated with a first one of a plurality of predefined air interface
configurations, and the modification instruction indicating a modification of one or more
parameters of the first predefined air interface configuration to produce a modified air
interface configuration, the index and the modification instruction instructing the wireless
device to establish the modified air interface configuration without first establishing the

predefined air interface configuration.
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25. The method of claim 24, wherein the modification instruction instructs the wireless
device to modify, add, or remove a Hybrid Automatic Repeat reQuest (HARQ)

retransmission scheme of the first predefined air interface configuration.

26. The method of claim 24, wherein the modification instruction instructs the wireless

device to modify a waveform of the first predefined air interface configuration.

27. The method of claim 24, wherein the modification instruction instructs the wireless

device to modify a physical layer parameter of the first predefined air interface configuration.

28. The method of claim 27, wherein the modification instruction instructs the wireless
device to modify a subcarrier spacing, cyclic prefix (CP) length, symbol duration, or

transmission time interval (TTI) length of the first predefined air interface configuration.

29. A network device comprising:

a processor; and

a non-transitory computer readable storage medium storing programming for
execution by the processor, the programming including instructions to:

send an index and a modification instruction to wireless device, the index

associated with a first one of a plurality of predefined air interface configurations, and
the modification instruction indicating a modification of one or more parameters of the
first  predefined air interface configuration to produce a modified air interface
configuration, the index and the modification instruction instructing the wireless device to
establish the modified air interface configuration without first establishing the predefined

air interface  configuration.

30. A method for reducing overhead during air interface configuration, the method
comprising:

sending, by a network device, indices of a plurality of predefined air interface
configurations to a wireless device; and

receiving, by the network device, a specific index from the wireless device, the
specific index being one of the indices sent to the wireless device, the specific index
identifying one of the plurality of predefined air interface configurations selected by the

wireless device.
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31. The method of claim 30, further comprising:
establishing, or prompting the establishment of, the selected air interface
configuration between a base station and the wireless device based on the specific index

received from the wireless device.

32. The method of claim 30, further comprising:

receiving a modification indication from the wireless device, the modification
indication requesting one or more parameters of the selected air interface configuration be
modified to produce a modified air interface configuration; and

establishing, or prompting the establishment of, the modified air interface
configuration between a base station and the wireless device without the selected air interface

configuration being established between the base station and the wireless device.

33. The method of claim 32, wherein the modification indication requests that a Hybrid
Automatic Repeat reQuest (HARQ) retransmission scheme be modified in, added to, or

removed from the selected air interface configuration.

34. The method of claim 32, wherein the modification indication requests modification of

a waveform of the selected air interface configuration.

35. The method of claim 32, wherein the modification request requests modification of a
subcarrier spacing, cyclic prefix (CP) length, symbol duration, or transmission time interval

(TTI) length of the selected air interface configuration.

36. A network device comprising:
a processor; and
a non-transitory computer readable storage medium storing programming for
execution by the processor, the programming including instructions to:
send indices of a plurality of predefined air interface configurations to a
wireless device; and
receive a specific index from the wireless device, the specific index being one
of the indices sent to the wireless device, the specific index identifying one of the

plurality of predefined air interface configurations selected by the wireless device.

22



WO 2017/076340 PCT/CN2016/104636

101 100
\//// \\\ /
e
7
/
/ ((=0)
/
/) ~
FARPN A AN
/ BACKHAUL
I S=5
| — _ NETWORK
=Y ~
\ - -
\ 7 o
\
\ 120 & _____ UPLINK
N ; CONNECTION
N — ___ DOWNLINK
~_ CONNECTION

200

220

212
\ INDEX

Y

MODIFICATION INSTRUCTION

A

/
214  ESTABLISH MODIFIED Al
-
/
218

FIG. 2

1/5



WO 2017/076340 PCT/CN2016/104636

300

\‘

310~ SEND AN INDEX AND A MODIFICATION
INSTRUCTION TO A WIRELESS DEVICE

Y

ESTABLISH, OR INSTRUCT ESTABLISHMENT
OF, A MODIFIED AIR INTERFACE
320~ CONFIGURATION BETWEEN THE WIRELESS
DEVICE AND A BASE STATION BASED ON THE
INDEX AND THE MODIFICATION INSTRUCTION

FIG. 3
400

'/

410~ RECEIVE AN INDEX AND A MODIFICATION
INSTRUCTION FROM A NETWORK DEVICE

A

ESTABLISH A MODIFIED AIR
INTERFACE CONFIGURATION WITH A
420-"|  BASE STATION BASED ON THE INDEX
AND THE MODIFICATION INSTRUCTION

FIG. 4

520

511
\, CONTROL MESSAGE

Y

INDEX

A

/

512 ESTABLISH SELECTED Al
-t y >

518

FIG. 5

2/5



WO 2017/076340 PCT/CN2016/104636

610~  SEND A CONTROL MESSAGE INDICATING MULTIPLE AIR Ve 600
INTERFACE CONFIGURATIONS TO A WIRELESS DEVICE
620~ RECEIVE AT LEAST ONE INDEX FROM THE WIRELESS DEVICE

ESTABLISH, OR INSTRUCT ESTABLISHMENT OF, A
PREDEFINED AIR INTERFACE CONFIGURATION BETWEEN
630-7]  THE WIRELESS DEVICE AND A BASE STATION BASED ON
THE INDEX RECEIVED FROM THE WIRELESS DEVICE

FIG. 6

710~ ] RECEIVE A CONTROL MESSAGE INDICATING A PLURALITY OF
700\ AIR INTERFACE CONFIGURATIONS FROM A NETWORK DEVICE

!

720~ SELECT ONE OR A SUBSET OF THE AIR
INTERFACE CONFIGURATIONS

Y

SEND AT LEAST ONE INDEX ASSOCIATED WITH THE SELECTED
730-"| AIRINTERFACE CONFIGURATION TO THE NETWORK DEVICE

!

ESTABLISH THE SELECTED AIR INTERFACE CONFIGURATION
740 BETWEEN THE WIRELESS DEVICE AND A BASE STATION

FIG. 7

811
\\ CONTROL MESSAGE

\ INDEX

A

MODIFICATION INSTRUCTION

/

814  ESTABLISH MODIFIED Al

/
818 FIG. 8

J

3/5



WO 2017/076340 PCT/CN2016/104636

900

\

910~ SEND A CONTROL MESSAGE INDICATING A PLURALITY OF
AIR INTERFACE CONFIGURATIONS TO A WIRELESS DEVICE

!

920 RECEIVE AN INDEX ASSOCIATED WITH ONE OF THE AIR
™ INTERFACE CONFIGURATIONS AND A MODIFICATION
INSTRUCTION FROM THE WIRELESS DEVICE

!

ESTABLISH, OR INSTRUCT ESTABLISHMENT OF, A
MODIFIED AIR INTERFACE CONFIGURATION BETWEEN
930~ THE WIRELESS DEVICE AND A BASE STATION BASED
ON THE INDEX AND THE MODIFICATION INSTRUCTION

RECEIVED FROM THE WIRELESS DEVICE

FIG. 9

1000

¢

1010 RECEIVE A CONTROL MESSAGE INDICATING
N A PLURALITY OF AIR INTERFACE
CONFIGURATIONS FROM A NETWORK DEVICE

Y

1020~ SELECT ONE OF THE PREDEFINED
AIR INTERFACE CONFIGURATIONS

Y

DETERMINE MODIFICATIONS FOR ONE OR
1030-"1 MORE PARAMETERS OF THE SELECTED
AIR INTERFACE CONFIGURATION

!

SEND AN INDEX ASSOCIATED WITH THE SELECTED AIR
1040-"1 INTERFACE CONFIGURATION AND A MODIFICATION
INSTRUCTION TO THE NETWORK DEVICE

!

ESTABLISH THE MODIFIED AIR INTERFACE
1050-"1 CONFIGURATION BETWEEN THE
WIRELESS DEVICE AND A BASE STATION

FIG. 10

4/5



WO 2017/076340

PCT/CN2016/104636
1101 1102 1103
N N /
AIINDEXO | | AIINDEX1:MA20ONLY | | AIINDEX2; TTI 1, PC2
! v v
UE1 UE2 UEGroup(3)
FIG. 11
1204~ 77, coa 1 1205
1200~ ) )
UE4 UEGroup(5)
FIG. 12
13&(‘)
1314~ \\rerrace
1310 1304 1312
\ N\ /
INTERFACE PROCESSOR INTERFACE
FIG. 13
1;100
1412 1410 1406 1404 1402
N \ / / /
- TRANSMITTER |+
DEVICE-SIDE | © SIGNAL NETWORK-SIDE
INTERFACE(S) | S | PROCESSOR COUPLER M1 INTERFACE(S)
| RECEVER |H
\
1408 FIG. 14

5/5




INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2016/104636

A, CLASSIFICATION OF SUBJECT MATTER
HO04W 76/04(2009.01)i

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; HO4Q; HO4L

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)

WPLEPODOC,CNPAT,CNKI:index,indices,modified,modification,instruction,indication,predefined,air interface,
configuration?,configuring,parameters,overhead

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2012263051 Al (TELEFONAKTIEBOLAGET L M ERICSSON PUBL) 18 October 2012 14-15, 20-
(2012-10-18) 21, 30-31, 36
abstract, description, paragraphs [0083]-[0091], [0098]-[0099], fig.3
A US 2012263051 Al (TELEFONAKTIEBOLAGET L M ERICSSON PUBL) 18 October 2012 1-13, 16-19,
(2012-10-18) 22-29, 32-35

abstract, description, paragraphs [0083]-[0091], [0098]-[0099], fig.3

A US 2009247163 A1 (AOYAMA, TAKAHISA) 01 October 2009 (2009-10-01) 1-36

the whole document

A US 2014301245 A1 (THALES) 09 October 2014 (2014-10-09) 1-36

the whole document

A US 2012179792 A1 (HUAWEI DEVICE CO., LTD.) 12 July 2012 (2012-07-12) 1-36

the whole document

I:l Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “1” later document published after the international filing date or priority
- L . date and not in conflict with the application but cited to understand the
“A” document defining the general state of the art which is not considered principle or theory underlying the invention

to be of particular relevance g . . .
“X” document of particular relevance; the claimed invention cannot be

“E” ?%;‘ller dappllcatlon or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
ling date when the document is taken alone
“L” dpcgment Wllljll‘?hhntlﬁy ﬂlfglw dpubtfl on pl%lorlt);hclam‘l(s)‘ or Whlctllllls «y” document of particular relevance; the claimed invention cannot be
cted tlo establish the Pf‘% dlcatlon ate of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination
“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means «&” document member of the same patent family
“p» document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
09 January 2017 25 January 2017
Name and mailing address of the [SA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing WANG,Zongwen
100088
China
Facsimile No. (86-10)62019451 Telephone No. (86-10)62413344

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members

PCT/CN2016/104636
. Patf:nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
[N 2012263051 Al 18 October 2012 WO 2012141642 Al 18 October 2012
EP 2698033 Al 19 February 2014
[N 2009247163 Al 01 October 2009 Jp 4837727 B2 14 December 2011
WO 2007111265 Al 04 October 2007
[N 2014301245 Al 09 October 2014 EP 2790460 Al 15 October 2014
SG  10201401328R A 27 November 2014
FR 3004309 Al 10 October 2014
[N 2012179792 Al 12 July 2012 EP 2477120 Al 18 July 2012
CN 102111446 A 29 June 2011

Form PCT/ISA/210 (patent family annex) (July 2009)



	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 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report

