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UPDATING CHANNEL STATE INFORMATION IN A WIRELESS NETWORK

Background
[0001]  This relates generally to sending data over wireless networks. This

application claims priority to provisional application 61/523,080, filed August 12,

2011, which application is hereby expressly incorporated herein.

[0002] As mobile and wireless networks grow in popularity, radio and wireless
communication standards must adapt to meet ever increasing bandwidth
requirements and user demand. Such standards include the Third Generation
Partnership Project (3GPP) Long Term Evolution (LTE) and Long Term Evolution-
Advanced (LTE-Advanced) systems.

[0003] Using these protocols, various devices may use wireless communication
schemes to communicate with a data network. For example, each device may
establish a wireless connection to a local base station in order to access a broader
data network. Thus, multiple devices may communicate with each other by

accessing the data network through multiple base stations.

Brief Description Of The Drawings

[0004] Some embodiments are described with respect to the following figures:

Fig. 1 is a schematic depiction of an example network configuration in

accordance with one or more embodiments;

Fig. 2 is a depiction of a table used by an example network configuration in

accordance with one or more embodiments;

Fig. 3 is a schematic depiction of an example user device in accordance with

one or more embodiments;

Fig. 4 is a schematic depiction of an example base station in accordance with

one or more embodiments; and

Fig. 5 is a flow chart in accordance with one or more embodiments.
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Detailed Description

[0005] In wireless communications, one area of particular interest may be the
calculation and reporting of channel state information (CSI) between a user device
and a base station. To this end, calculating CSI may enable certain optimizations to
be performed during communication. For example, knowledge of CS| may affect the
determination of certain transmission parameters, power requirements, bandwidth

allocation, modulation schemes, and other variables for wireless communication.

[0006] However, as data throughputs increase, so do the bandwidth requirements
of reporting CSI. Thus, in accordance with one or more embodiments, CS| may be
sent to the base station using a determined number of transport blocks, a
determined number of layers, and determined modulation schemes based on
calculated channel conditions. Such determinations may enable a wireless network

configuration to leverage relatively good channel conditions when reporting CSI.

[0007] FIG. 1 represents a system 100 for updating channel state information in a
wireless network according to one or more embodiments. The system may include a
base station 105 in wireless communication with a user device 115. Thus, the user
device 115 may be connected to the wireless network 110 through the base station
105. In wireless computer networking, the base station 105 may be a radio receiver
and/or transmitter that serves as a hub for a local wireless network. In one or more
embodiments, the base station 105 may act as a gateway between a wired network
(not shown) and a wireless network 110 and may typically include a transmitter and

a wireless router.

[0008] The user device 115 may be any electronic device capable of
communication over a wireless network 110. For example, the user device 115 may
include a desktop computer, laptop computer, mobile phone, tablet personal
computer, personal digital assistant, digital camera, and/or any other electronic
device. Furthermore, while FIG.1 illustrates only one user device 115, it should be
understood that any number of user devices may be in communication with the base

station 105, and therefore to the wireless network 110.



WO 2013/025258 PCT/US2012/031329

3

[0009] In one or more embodiments, in order to establish communication
between the base station 105 and the user device 115, channel conditions may need
to be determined between the base station 105 and the user device 115. Thus, the
base station 105 may send a reference signal 120a through the wireless network
110 to the user device 115. Channel state information (CSI) management logic 130
in the user device 115 may then analyze the received reference signal 120b. For
instance, the CSI management logic 130 may compare characteristics of the
received reference signal 120b with characteristics of the reference signal 120a
when it was initially sent by the base station 105. The CSI management logic 130
may then use any determined differences between the received reference signal
120b and the sent reference signal 120a to calculate channel state conditions.
Subsequently, the user device 115 may send back a signal to the base station 105

containing the calculated CSI 125.

[0010] CSI 125 may refer to the channel properties of a wireless communication
link between the base station 105 and the user device 115. In general, CS| may
describe signal propagation characteristics, such as the effects of signal scattering,
fading, and power decay with distance. In wireless communications, CSl may
enable systems to adapt data transmission to current channel conditions to achieve
a certain degree of reliability balanced with a desired rate of data transfer. In one or
more embodiments, CSI may include channel quality indicator (CQl) and precoding

matrix indicator (PMI) reports.

[0011]  The user device 115 may communicate with the base station 105 using
any wireless protocols. For example, the two devices may communicate using any
of the 802.11 wireless standards, Bluetooth, Third Generation Partnership Project
(3GPP) Long Term Evolution (LTE), and/or LTE-Advanced.

[0012] In one or more embodiments the system 100 depicted in FIG. 1 may

operate under the LTE and/or LTE-Advanced standard (hereinafter referred to as
LTE). In LTE, the base station 105 may be referred to as evolved Node B (eNB),
and the user device 115 may be referred to as user equipment (UE). Additionally,

communication directed from the base station 105 to the user device 115 may be
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referred to as downlink communication while communication from the user device

115 to the base station 105 may be referred to as uplink communication.

[0013] In LTE, a transport block may be a specified amount of data that can be
transmitted over a particular period of time. In general, the transport block size may
depend on various factors such as bandwidth requirements and availability of certain
resources. A modulation scheme may be the method by which certain properties of a
signal may be varied to transmit data. Typically, higher-order modulation schemes
may provide a higher transfer rate but suffer from an increase in error rate and
susceptibility to interference compared to lower-order modulation. In other words, a
higher order modulation scheme may provide more data transfer bandwidth but less
reliability. The number of transport blocks together with the modulation scheme and
other parameters associated with a particular transmission may provide the

modulation and coding scheme (MCS) for the transmission.

[0014]  Additionally, during transmission, multiple data streams may be used,
which may be referred to as layers. To this end, the number of layers employed
during transmission may correspond to the rank of the transmission. For example, a

rank 2 transmission may employ two layers.

[0015]  Furthermore, according to the current LTE specification, the physical
uplink shared channel (PUSCH) may be used to carry or transmit user data. In
some circumstances, PUSCH may be used to carry CSl-only data. In these
situations, support of CSl-only transmission over PUSCH may be restricted to only
certain modulation and coding schemes (MCS) and a certain number of layers. For
instance, only one transport block using only quadrature phase-shift keying (QPSK)
modulation over one layer may currently be supported for CSl-only transmission over
PUSCH. Moreover, LTE may support a communication method known in the art as
carrier aggregation. In carrier aggregation, multiple component carriers or channels
may be combined to increase bandwidth for data transmission. As such, when using
carrier aggregation, CSl data may be reported for each component carrier, thereby
increasing bandwidth requirements for CSl reporting itself when compared to using

only one channel.
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[0016]  An implication of such restrictions may include circumstances where
current systems are unable to take full advantage of good channel conditions. For
example, good channel conditions may enable the support of higher order
modulation and a greater number of layers for CSl-only transmission. However, the

restrictions described above may prevent the ability to adopt such measures.

[0017]  Thus, in one or more embodiments, the system 100 illustrated in FIG. 1
may provide a framework for varying the MCS and number layers during CSl-only
transmission over PUSCH. Depending on the channel state conditions calculated by
the CSI Management Logic 130 in the user device 115, the base station 105 may
determine the MCS (i.e., the number of transport blocks and the order of modulation

for each transport block) and transmission rank for the CSI transmission.

[0018] For example, the base station 105 may include Modulation and Coding
Scheme (MCS) Logic 108 to determine that channel conditions permit more than one
layer to be used. In another example, the MCS Logic 108 may determine that
channel state conditions permit two transport blocks to be mapped to two or more
layers using the same modulation scheme. In yet another example, the MCS Logic
108 may determine that channel state conditions permit two transport blocks to be
mapped to two or more layers using different orders of modulation. One of ordinary
skill in the art understands that the above examples are not limiting and that any
combination of the number of transport blocks, modulation schemes, and

transmission layers are also contemplated within the present disclosure.

[0019] Furthermore, because the current LTE specification uses only one
combination of MCS and transmission rank (i.e., one transport block, QPSK
modulation, and one layer) for CSl-only transmission over PUSCH, no additional
signaling is required between the user device 115 and the base station 105 to
indicate any particular combination of MCS and transmission rank. Therefore, in
order to implement the above examples, further signaling schemes may be included
to designate particular combinations of MCS and transmission ranks. Such

additional signaling may not be supported in current LTE specifications.
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[0020] Therefore, FIG. 2 may represent a signaling table 200 including multiple
signaling indices, represented by I-MCS0 and |_MCS1, which may be used by the
system 100 to signal various combinations of MCS and transmission ranks. In one
or more embodiments, the table 200 may be added to the current LTE specification
to increase bandwidth capabilities of PUSCH for CSl-only transmission. Thus, the
signaling indices in the table 200 may provide a framework for spatial multiplexing

with link adaptation in transmitting CSI-only data over PUSCH.

[0021]  Referring to the signaling table 200, rows 1-6 may correspond to a CSI-
only transmission over PUSCH having one transport block mapped to two layers.
For example, row 1 may correspond to having the first transport block enabled and
the second transport block disabled. Furthermore, the modulation order for the first

transport block may be 2.

[0022]  Additionally, rows 7, 11, and 15 may correspond to CSl-only transmissions
over PUSCH having two transport blocks mapped to two or more layers with the
same modulations schemes. For example, row 11 may correspond to having both
the first transport block and the second transport block enabled. Moreover, the
transport blocks may each have a modulation order of 4 and may be mapped to two

or more layers.

[0023] Finally, rows 8-10 and 12-14 may correspond to CSl-only transmissions
over PUSCH having two transport blocks mapped to two or more layers with different
modulation schemes. For instance, row 14 may correspond to having both the first
transport block and the second transport block enabled. Additionally, the first
transport block may have a modulation order of 6 while the second transport block
may have a modulation order of 4. Furthermore, the transport blocks may be
mapped to two or more layers. It should be noted that one of ordinary skill in the art
understands that various other combinations of the number of transport blocks,
number of layers, and modulations schemes are also possible in addition to those
illustrated in FIG. 2.

[0024] FIG. 3 represents a system depiction of the user device 115 of FIG. 1.

The user device may include a receiver 310 for receiving data and a transmitter 320
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for transmitting data. In one or more embodiments, the receiver 310 and the
transmitter 320 may be combined to form a transceiver capable of both receiving and
transmitting data. For example, the receiver 310 may receive the reference signal
120a-b from the base station 105 while the transmitter 320 may transmit the CSI
signal 125 back to the base station 105.

[0025]  Additionally, the user device 115 may also include a memory 330 for
storing instructions and a processor 340 for executing those instructions. In one or
more embodiments, CSI Management Logic 130 (not shown) may include the
processor 340 and memory 330 or may be otherwise in communication with the
processor 340 and the memory 330. In other embodiments, the CSI Management
Logic 130 may be a program stored in the memory 330, and thereby provide
instructions for the processor 340 to execute. As such, the processor 340 may carry
out instructions from the CSI Management Logic 130 to calculate channel state

conditions as described above with reference to FIG. 1.

[0026] While FIG. 3 illustrates only one of each component, it should be
understood that multiple instances of these components are also contemplated
within the present disclosure. For example, the user device 115 may also include
more than one processor and more than one memory. Furthermore, the user device

115 may also include multiple storage devices.

[0027] Similarly, FIG. 4 represents a system depiction of an example base station
105 that may be used to perform the calculating of the CSI. Thus, the base station
105 may include similar components to those illustrated in the user device 115 of
FIG. 3. Specifically, the base station 105 may also include a receiver 410, and
transmitter 420, a processor 440, and memory 430. Additionally, the base station
105 may also include a router 450 to route communication between various user
devices. In one or more embodiments, the memory 430 may store the table 200

illustrated in Fig. 2.

[0028]  Furthermore, the base station 105 may also include a MCS Logic 108 (not
shown) in communication with the processor 440 and memory 460. In one or more

embodiments, MCS Logic 108 may include the processor 440 and memory 430. In
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other embodiments, the MCS Logic 130 may be a program stored in the memory
430, and thereby provide instructions for the processor 440 to execute. As such, the
processor 440 may carry out instructions from the MCS Logic 108 to determine CSI

signaling as described above with reference to FIG. 1.

[0029] FIG. 5 represents a flow diagram depicting a method 500 for updating
channel state information in a wireless network according to one or more
embodiments. The method may begin in step 510 when a user device wirelessly

receives a reference signal, from a base station.

[0030] Then, in step 520, the received reference signal may be analyzed to
calculate channel state information. As previously discussed, characteristics of the
reference signal when it is received may be compared with the characteristics of the
reference signal when it was sent. Any determined differences may be used in the

calculation of the channel conditions.

[0031] In step 530, after the CSI has been calculated, the base station 105 (e.g.,
the MCS Logic 108) may determine a particular combination of MCS and
transmission rank. In other words, the base station 105 may determine a number of
transport blocks, a number of layers, and an order of modulation for each transport
block to use in transmitting channel state information back to the base station 105.
In one or more embodiments, the MCS Logic 108 may perform a lookup to the table
200 in FIG. 2 to decide on appropriate signaling to indicate to the user device 115

the determined MCS and transmission rank.

[0032] Finally, in step 540, the CSI| may be sent back to the base station using
the determined number transport blocks, number of layers, and modulation scheme

for each transport block.

[0033] Instructions of software described above (including the steps described in
FIG.5) may be loaded for execution on a processor (such as the processor illustrated
in FIG. 3 and/or FIG. 4) A processor can include a microprocessor, microcontroller,
processor module or subsystem, programmable integrated circuit, programmable

gate array, or another control or computing device. As used here, a “processor’ can



WO 2013/025258 PCT/US2012/031329

9

refer to a single component or to plural components (e.g., one CPU or multiple
CPUs).

[0034] Data and instructions are stored in respective storage devices, which are
implemented as one or more computer-readable or machine-readable storage
media. The storage media include different forms of memory including
semiconductor memory devices such as dynamic or static random access memories
(DRAMs or SRAMSs), erasable and programmable read-only memories (EPROMSs),
electrically erasable and programmable read-only memories (EEPROMs) and flash
memories; magnetic disks such as fixed, floppy and removable disks; other magnetic
media including tape; optical media such as compact disks (CDs) or digital video
disks (DVDs); or other types of storage devices. Note that the instructions discussed
above can be provided on one computer-readable or machine-readable storage
medium, or alternatively, can be provided on multiple computer-readable or
machine-readable storage media distributed in a large system having possibly plural
nodes. Such computer-readable or machine-readable storage medium or media is
(are) considered to be part of an article (or article of manufacture). An article or
article of manufacture can refer to any manufactured single component or multiple
components. The storage medium or media can be located either in the machine
running the machine-readable instructions, or located at a remote site from which

machine-readable instructions can be downloaded over a network for execution.

[0035] In the foregoing description, numerous details are set forth to provide an
understanding of the subject disclosed herein. However, implementations may be
practiced without some or all of these details. Other implementations may include
modifications and variations from the details discussed above. It is intended that the

appended claims cover such modifications and variations.

[0036] References throughout this specification to “one embodiment” or “an
embodiment” mean that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one implementation
encompassed within the present invention. Thus, appearances of the phrase “one

embodiment” or “in an embodiment” are not necessarily referring to the same
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embodiment. Furthermore, the particular features, structures, or characteristics may
be instituted in other suitable forms other than the particular embodiment illustrated

and all such forms may be encompassed within the claims of the present application.
[0037] The following clauses and/or examples pertain to further embodiments:

[0038] One embodiment may include a method including: sending wirelessly,
from a base station, a reference signal to a user device; receiving initial channel
state information from the user device based on the reference signal; determining a
number of transport blocks to enable, a number of layers to use, and an order of
modulation for each transport block based on the initial channel state information;
and receiving subsequent channel state information from the user device using the
determined number of transport blocks, the determined number of layers, and the

determined order of modulation for each transport block.

[0039] The method may also include that the determined number of transport
blocks to enable is one, and the determined number of layers to use is two. The
method also include that the determined number of transport blocks to enable is two,
the determined number of layers to use is at least two, and the determined order of
modulation for each transport block is the same. The method of may also include
that the determined order of modulation for each transport block is greater than 4.
The method may also include that the determined number of transport blocks to
enable is two, the determined number of layers to use is at least two, and the
determined order of modulation for each transport block is different. Additionally,
the method may also include that the determined order of modulation for each

transport block is greater than 4.

[0040] Furthermore, the method may also include that the initial channel state
information comprises a channel quality indicator and a precoded matrix indicator.
The method may also include that communication with the user device is performed
using a plurality of channels, and wherein a particular channel state information
signal comprises information pertaining to channel conditions of each of the plurality

of channels. The method may also include that the subsequent channel state
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information is sent back to the base station over a physical uplink shared channel

during a channel state information-only transmission.

[0041]  Another embodiment may also be at least one machine readable medium
including a plurality of instructions that in response to being executed by a computer

device, cause the computer device to carry out the above-described method.

[0042] A further embodiment may be a system including: a transmitter; a receiver
to wirelessly receive a reference signal over one or more wireless channels from a
base station; a memory storing instructions; a processor to execute the instructions
to: calculate initial channel state information of the one or more wireless channels by
analyzing the reference signal; and receive a determined number of transport blocks
to enable, a determined number of layers to use, and a determined order of
modulation for each transport block based on the initial channel state information,
wherein the transmitter is to wirelessly send subsequent channel state information to
the base station using the determined number of transport blocks, the determined

number of layers, and the determined order of modulation for each transport block.

[0043] The system may also include a display. The system may also include that
the subsequent channel state information is sent over a physical uplink shared
channel during an aperiodic channel state information-only transmission. The
system may also include that analyzing the reference signal includes comparing first
characteristics of the reference signal when it was initially sent to second

characteristics of the reference signal after it has been received.

[0044]  Another embodiment may be a base station, including: a transceiver to
wirelessly receive initial channel state information from a user device; and a channel
state information logic having a memory storing instructions, and a processor to
execute the instructions to: determine a number of transport blocks to enable, a
number of layers to use, and an order of modulation for each transport block based
on the initial channel state information, wherein the transceiver is to receive
subsequent channel state information from the user device using the determined
number of transport blocks, the determined number of layers, and the determined

order of modulation for each transport block.
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[0045] The base station may also include that the memory further stores a table
indexing plural combinations of the number of transport blocks, the number of layers,
and the order of modulation for each transport block. The base station may also
include that the channel state information logic is to identify a particular combination
from the table and that the base station communicates with the user device using a
Long-Term Evolution (LTE) standard. Moreover, the base station may also include
that the table is to index the plural combinations using a first Index Modulation and
Coding Scheme (IMCS) and a second IMCS. Finally, the base station may also
include that the first IMCS value is 29.
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What is claimed is:

1. A method, comprising:

sending wirelessly, from a base station, a reference signal to a user device;

receiving initial channel state information from the user device based on the
reference signal;

determining a number of transport blocks to enable, a number of layers to
use, and an order of modulation for each transport block based on the initial channel
state information; and

receiving subsequent channel state information from the user device using the
determined number of transport blocks, the determined number of layers, and the

determined order of modulation for each transport block.

2. The method of claim 1, wherein the determined number of transport blocks to

enable is one, and the determined number of layers to use is two.

3. The method of claim 1, wherein the determined number of transport blocks to
enable is two, the determined number of layers to use is at least two, and the

determined order of modulation for each transport block is the same.

4, The method of claim 3, wherein the determined order of modulation for each
transport block is greater than 4.

5. The method of claim 1, wherein the determined number of transport blocks to
enable is two, the determined number of layers to use is at least two, and the

determined order of modulation for each transport block is different.

0. The method of claim 5, wherein the determined order of modulation for each
transport block is greater than 4.

7. The method of claim 1, wherein the initial channel state information comprises

a channel quality indicator and a precoded matrix indicator.
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8. The method of claim 1, wherein communication with the user device is
performed using a plurality of channels, and wherein a particular channel state
information signal comprises information pertaining to channel conditions of each of

the plurality of channels.

9. The method of claim 1, wherein the subsequent channel state information is
sent back to the base station over a physical uplink shared channel during a channel

state information-only transmission.

10.  Atleast one machine readable medium comprising a plurality of instructions
that in response to being executed by a computer device, cause the computer device

to carry out a method according to any of claim 1 to 9.

11. A system comprising:

a transmitter;

a receiver to wirelessly receive a reference signal over one or more wireless
channels from a base station;

a memory storing instructions;

a processor to execute the instructions to:

calculate initial channel state information of the one or more wireless

channels by analyzing the reference signal; and

receive a determined number of transport blocks to enable, a determined
number of layers to use, and a determined order of modulation for each transport
block based on the initial channel state information, wherein the transmitter is to
wirelessly send subsequent channel state information to the base station using the
determined number of transport blocks, the determined number of layers, and the

determined order of modulation for each transport block.

12.  The system of claim 11 further comprising a display.
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13.  The system of claim 11, wherein the subsequent channel state information is
sent over a physical uplink shared channel during an aperiodic channel state

information-only transmission.

14.  The system of claim 11, wherein analyzing the reference signal comprises
comparing first characteristics of the reference signal when it was initially sent to

second characteristics of the reference signal after it has been received.

15. A base station, comprising:

a transceiver to wirelessly receive initial channel state information from a user
device; and

a channel state information logic having a memory storing instructions, and a
processor to execute the instructions to:

determine a number of transport blocks to enable, a number of layers

to use, and an order of modulation for each transport block based on the initial
channel state information, wherein the transceiver is to receive subsequent channel
state information from the user device using the determined number of transport
blocks, the determined number of layers, and the determined order of modulation for

each transport block.

16. The base station of claim 15, wherein the memory further stores a table
indexing plural combinations of the number of transport blocks, the number of layers,

and the order of modulation for each transport block.

17.  The base station of claim 16, wherein the channel state information logic is to

identify a particular combination from the table.

18. The base station of claim 17, wherein the base station communicates with the

user device using a Long-Term Evolution (LTE) standard.
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19.  The base station of claim 18, wherein the table is to index the plural
combinations using a first Index Modulation and Coding Scheme (IMCS) and a

second IMCS.

20. The base station of claim 18, wherein the first IMCS value is 29.
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