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a system and a method for maintaining a first history of strength

& of a first transmission path between a first wireless node and a second wireless node in a multiple input multiple output (MIMO)
communication system, maintaining a second history of strength of a second transmission path between a third wireless node and the
second wireless node in the MIMO communication system, performing a spatiotemporal correlation between the first history and the
second history to determine if any changes in the strength of the first transmission path is observed, and predicting future changes
to strength of the second transmission path between the third wireless node and the second wireless node based on the performed
special correlation between the first history and the second history.
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PREDICTING FUTURE CHANGES TO
STRENGTHS OF PATHS IN MIMO SYSTEMS

FIELD

[0001]  Embodiments of the invention relates to a wireless communications,

-and more particularly to transmitting and receiving of wireless signals by wireless

devices.

BACKGROUND

[0002] Wireless devices such as cell phones, wireless routers and radio
operated devices are in widespread use today. Wireless devices enable the users
to receive and transmit signals without the need for a physiéal connection
between transmitters and receivers. This lack of physical connection increases the
mobility of the wireless devices, and also decreases the overhead and
inconveniences associated with use of wires, bables and other physical medium

for establishing communication between two devices.

[0003] Despite the foregoing advantages, the use of wireless devices is not

- without shortcomings. One such shortcoming is that the transmission paths
between wireless nodes in a system, such as a multi-input multi-output (MIMO)
system, can be unrgliable. In wii'eless transmission paths, fading and shadowing
amongst other factors can cause the wireless signal, and hence the corresponding
data rate of the transmitted signal, to vary depending on certain events. One such
event is the presence of animate and inanimate objects in the environment, which-
may cause the quality of the data transmission to vary over space and time. The
variation and lack of reliability in data transmission may cause problems for
multimedia streaming applications since sudden decreases in transmission path
capacity may cause noticeable artifacts to occur during display or playback of the

multimedia stream.
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[0004] It is thus desirable to predict the changes in transmission path capacity

so as to make it easier for the multimedia source to change its output data rate to
match the expected change in transmission path capacity, since the multimedia

source would have more time in which to make the output rate change.

SUMMARY

[0005] An embodiment of the inventiop can be regarded as a method of maintaini
a first story of strength of a first transmission path between a first wireless node and
second wireless node in a multiple input multiple output (MIMO) communi cation
system, maintaining a second history of strength of-a second transmission path betweec
third wireless node and the second wireless node in the MIMO communication system:
performing a spatiotemporal correlation between the first history and the second histor
to detenniﬁe if any changes in the strength of the first transmission path is observed, a
predicting future changes to strength of the second transmission path between the third
wireless node and the second wireless node based on the performed spatiotemporal

correlation between the first history and the second history.

[0006] Another embodiment of the invention can also bé regarded as a system whi
includes a memory to maintain a first history of strength of a first transmission path .
between a first wireless node and a second wireless node in a multiple input multiple
output (MIMO) communication system, and to maintain a second history of strerigth of
second transmission path between a third wireléss node and the second wireless node in
the MIMO communication system, a spatiotemporal correlation logic to perform a
spatiotemporal correlation between the first history and the second history to determine
any changes in the strength of the first transmission path is observed, and a predictor
ogic to predict future changes to strength of the second transmission path between the
hird wireless node and the second wireless node based on the performed spatiotemporal

orrelation between the first history and the second history.
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[0007]' ‘ Another embodiment of the invention can also be regarded as'a machin'e
accessible medium having instructions stored thereon that, when executed by a
computiﬁg device, will cause the computing device to perform the following operatior
maintain a first history of strength of a first transmission path between a first wireless
node and a second wireless néde in a multiple input multiple output (MIMO)
communication system, maintain a second history of strength of a second transmission
path between a third wireless node and the second wireless node in the MIMO
communication system, perfoﬁn a spatiotemporal correlation betweer the first history
and the second history to determine if any changes in the strength of the first
transmission path is observed, and predict future changes to strength of the second
transmission path between the third wireless node and the second wireless node based «

the performed spatiotemporal correlation between the first history and_ the second histo:

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Embodiments of the invention may best be understood by
referring to the following description and accompanying drawings that are

-used to illustrate embodiments of the invention.

[0009] FIG. 1 is a block diagram of simplified wireless networks in which

embodiments of the invention may be practiced.

[00010] FIG. 2 is a graph of strengths of transmission paths over time 1n the
wireless network of FIG. 1. :

[00011] FIG. 3 i1s a flow chart of a method for an embodiment of the,

invention.

[00012] FIG. 4 is a graph of the temporal correlation between the strengths of

transmission paths shown in FIG. 1.
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[00013] FIG. 5 is another flow chart of another method for an embodiment of the

invention.

[00014] FIG. 6 is a block di.agram of a more complex wireless networks in

which embodiments of the invention may be practiced.

DETAILED DESCRIPTION OF THE INVENTION

[00015] Embodiments of the invention generally relate to a system and method for
predicting future changes to strengths of paths in multiple input multiple output
(MIMO) communication systems. Herein, embodiments of the invention may be
applicable, to MIMO transmitters and receivers used in a variety of wireless devices.
These wireless devices may be stationary or portable. Examples of wireless devices
include, but are not limited or restricted to the following: cell phones, pagers,

personal digital assi stants (PDA), portable computers, handheld video game devices,

routers and radio operated devices.

[00016] Certain details are set forth below in order to provide a thorough
understanding of various embodiments of the invention, albeit the invention may be

practiced through many embodiments other than those illustrated. Well-known

logic and operations are not set forth in detail in order to avoid unnecessarily

obscuring this description.

[00017] In the following description, certain fenninology is used to describe
features of the various embodiments of the invention. For example, the term
“multi-input multi-output” includes any device which employs multiple antennas

for simultaneously transmitting or receiving the same data from the multiple

aniennas.
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[00018] The term “software” generally denotes executable code such as an
operating system, an application, an applet, a routine or even one or mofe ~
instructions. The software may be stored in any type of memory, namely suitable
storage medium such as a programmable electronic circuit, a semiconductor
memory device, a volatile memory (e.g., random access memory, etc.), a non-
volatile memory (e.g., read-only memory, flash memory, etc.), a floppy diskette,
an optical disk (e.g., compact disk or digital versatile disc “DVD”), a hard drive

disk, tape, or any kind of interconnect (defined below).

[00019] The term “transmission path” refers to either logical paths or physical
paths, as defined below. A transmission logical path depends on the number of
antennas and radios at the physical layer of the device. For'examplé; if a MIMO
system with two transmit antennas, such as T1 and T2, communicates with two
receive antennas, Such as R1 and R2, then there exist four transmission logical
paths betweén the transmit antennas and the receive antennas (i.e. T1-R1, T1 -R2, .
T2-R1, T2-R2). A transmission logical path may be further decomposed into its
constituent transmission physical paths. For many wireless systéms, such as those
based on radio frequency (RF) wave propagation, the RF energy rarely
propagates only difectly from a transmit antenna to a receive antenna, such as
from T1-R1. Instead, due to reflection, refraction, diffraction, RF energy may
take several routes from T1 to R1. This is commonly referred to as multipath. The
transmission logical path is then the combination of all propagated RF energy |
over all the various physical paths between T1 and R1, as measured at R1. By
decoinposing the received RF signal, however, such as by using the impulse
‘esponse of the transmission channel, the RF signal that has propagated over the
rimary individual physical paths can be extracted at R1. It is therefore
-ontemplated that the embodiments of the invention apply to transmission logical

vaths as well as trénsrnission physical paths.
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1[00020]  With reference to FIG. 1, a block diagram of a simplified wireless
network la is shown in which embodiments of the inventibn may be practiced. In
an exemplary embodiment, the wireless network lais a fnultiple input multi‘ple
output (MIMO) communication system which includes a first subsystem 10a in
wireless commuhication with a second subsystem 10b. According to this
embodiment of the invention, the first subsystem 10a is a transmitter subsystem
and the second subsystem 10b is a receiver subsystem. Of course it is
contemplated that each or both of subsysteﬁls 10a and 10b maybe a transceiver

subsystem, having transmitting and receiving capabilities.

[00021] The first subsystéln 10a includes a plurality of wireless transmitter
nodes 11, such as transmitter nodes T1 and T2. The second subsystem 10b
includes at least one wireless receiver node 12, such as a receiver node R1. As
descnibed in greater detail in conjunction with FIGs. 3-6, the first subsystem 10a,
via wireless transmitter nodes 11, transmits the conténts of a data signal 13 to the
wireless receiver node 12, such as via a plurality of transmission paths 14 and 15,
\&hich corresponds to the transmitter nodes T1 and T2, respectively. The second
subsystem 10b then collects the data received from ‘transmis.sion paths 14 and 15,

reassembles them in the MIMO receiver 16 and outputs the reassembled the déta
contents in the form of signal 17, which has the same contents as that of signal
13.

[00022]  The transmission paths 14 and 15, however, may be affected by
obstructions in their paths, .such as 1nanimate obstructions such as houses, or
moving obstruétions such as cars, and may also be affected by interference from
other wireless devices. To better illustrate the workin g of the embodiments of the
invention, a moving obstruction 18 is used throughout the detailed description.
The movement of the obstruction 18 along a path (shown by line 19) may
partially or fully block the transmission paths 14 and 15, such as at intersect

points 14a and 15a res'pectively. In an exemplary embodiment, the obstruction 18

6
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causes one blockage at a time, so that first the transmission path 14 is bfocked at
mtersect point 14a and then as the obstruction 18 moves along the line 1.9 the
transmission path 14 is unblocked. Likewise, due to the continuing movement of
the obstruction 18 along the line 19, the transmission path 15 is blockéd at

intersect point 15b at a future time and then later unblocked.

[00023] FIG 2 1llustrates the strength of the transmission paths; 14 and 15 via
lines 20 and 24 respectively. As described above, the strength of transmission
paths 14 and 15 may be reduced by a moving obstruction 18. Strength of the
transmission paths may be indicated by the data rate or the signal strengths
between wireless nodes 11 and 12, or by other measures of the aﬁility of the first
subsystem 10a to transmit data. If the obstruction 18 is moving ihrdugh the
"wireless network 1a along the path suggested by the line 19, the reduction in
signal strength may vary over time. The line 20 in FIG. 2 shows the sﬁ'ength of
the transmission path 14 as the obstruction 18 moves through the wireless
network 1a. The “dip” 22 represents the time when the obstruction 18 is causing '
the greatest reduction in strength of the transmission path.14. If the obstruction
18 continues along the path suggested by the line 19, the obstruction: 18 will
cause a reduction in si gnal strength in the transmission path 15, as shown by dip
26 1n line 24 representing the strength of transmission path 15. The dip 26
represents the time when the obstruction 18 is causing the greatest'redu'ction iq

the strength of path 15.

[00024] It may be observed from the dips 22 and 26 shown in FIG. 2 that the -
reduction in strength of transmission path 14 preéedes the reduction in signal
strength of the transmission path 1 5 . Thus, the reduction in signal strength of the
transmission path 14 may have predictive value for a rqduétion in signal strengih

of the transmission path 15, as described in greater detail in conjunction with

FIGs 3-6.
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[00025] An exemplary series of operations of the wireless network 1a will now
be discussed in greater detail in conjunction with FIGs. 3-6. FIG. 3 is a flow
chart, which in conjunction with FIG. 1 illustrates a method of an exemplary’

embodiment of the invention. As shown in FIG. 3, after the operations have

begun (block 300), a first history of strength of a first transmission path, such as
transmission path 14 of FIG. 1, between a first wireless node and a second
wireless node, such as between T1 and R1, is maintained .(block 310). The first
history may be stored in the memory 3. Ne;xt, a second history of strength of a
second transmission path, such as trarismission path 15 of FIG. 1, between a third
wireless node and the second wireless node; such as.between T2 and R1, is

maintained (block 320). Similarly, the second history may be stored in the

memory 3.

[00026] In an exemplary embodiment of the invention, the foregoing histories
of the strengths of transmission paths 14 and 15 may also be maintained in a
memory for a wireless node operating as a receiver, such as wireless receiver
node 12. The histories of the strengths of transmission paths may also be
maintained by a device (not shown) that receives the information on the strengths
of transmission paths and provides predictions to the wireless nodes. The device
may be part of the wireless receiver node 12 or a separate device. The histories
ot the strengths of transmission paths may be between a receiver node 12 and
rénsmitter nodes 11 that transmit to the wireless receiver node 12. Suitably, a
ransmission path analyzer logic 2 residing in memory 3, is used to determine the
trength of the transmission paths 14 and 15 from a signal sirength or a data rate

orresponding to each of the transmission paths 14 and 15.

00027] Following the operations of blocks 310 and 320, a spatiotemporal
orrelation between the first history and the second history is performed, such as by
he spatiotemporal correlation logic 8 residing in memory 3, to determine if any

hanges in the strength of the first transmission path is observed (block 330). This

8
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is a spatiotemporal correlation because the possible use of histories for a plurality
of nodes in differing spatial relationships adds an additional functional vé;iéble to
the correlation. In an exemplary embodiment of the invention, the spatiotemporal
correlation performed is a continuous spatiotemporal correlation. In another
exemplary embodiment of the invention, the spatiotemporal correlation performed
is of pre-defined features in the strength of each of the transmission paths, such as
transmission paths 14 and 15. Suitably, the pre-deﬁned features exist in at least one

of a time domain or a frequency domain.

[00028] In an exemplary embodiment of the invention, the spatiotemporal -
correlation is a furiction of the correlation between the two signals and a time

shift, delta time, between the two signals. FIG. 4 qualitatively represents the
temporal correlation 40 of the strengths 20 and 24 of two transmission paths 14
and 15 described above in conjunction with shown in FIG. 2. A high degree of
correlation 42 between the signals, such as an absolute value approaching 1, will
be found for a delta time 44 approximately equal to the time difference between
the times when the dips 22, 26 (FI1G. 2) occuired in the strengths 20 and 24 of two

transmission paths 14 and-15.

[00029] Returming to FIG. 3, 1f a change in the strength of the first
transmission path, such as transrm;ssion path 14 is observed (block 340), then it is
determined if the sﬁatiotemporal correlation performed resulted in a significant:
correlation (block 350). For example if the obstruction 18 (in FIG. 1) moved
along a simple fixed path wifh a consistent speed profile, the temporal correlation
would be a near perfect predictor for a reduction in signal strength between the
transmitter T2 and the receiver R1. It will be appreciated that this is unlikely to be
the case. More typically the strength of transmission path, such as transi‘nissioﬁ
path 15, will be affectea by a variety of obstacles moving at a variety of speeds
along a variety of paths. Nonethéless, the concepts of the simplistic predictable

obstruction may still be used. When there is greater variability of interfering -

9
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objects, the temporal correlations between reductions in strength of transmission
paths will not be as great and may tend to vary over time. Temporal correlations
that are reasonably significant, for example a correlation (the absolute value of
the correlation is sufficient, the sign may in most cases be ignored) above a

threshold value such as. 0.4, may still have a useful predictive value.

[00030] If it is determined that the spatiotemporal correlation performed resulted
in a significant correlation (block 350), then future changes to strength of the
second transmission path, such as transmission path 15, between the third wireless
node and the second wireless node, such as between T2 and R1 , 1s predicted based
on the performed spatiotemporal correlation between the first history and the
second history. Suitably, the predictions are performed by a predictor logic ©
which resides in memory 3. Following the prediction, or if no change in the
strength of the first transmission path, such as transmission path 14 is observed, or

1f it is determined that the spatiotemporal correlation performed did not result in a
significant correlation (blocks 340, 350, 360), the flow is returned to block 310.

00031] FIG. 5 is an exemplary flow chart, which in conjunction with FIG. 1,
llustrates another method for an embodiment of the invention which can be used in
:onjunction with the above-described embodiments of the invention. As shown in
‘1G. 5, following the start (block 500), a data signal 13 is received in a récéiver
mnit, such as the encoder 35, of the ﬁrst subsystern 10a (FIG. 1) from a remote

ource (not shown). The data signal 13 is received at a predetermined transmission
ata rate. Next, the data contents of the received data signal 13 are partitioned,

ach as by the processor 4, into a plurality of data signal portions, such as data
ortions 13a and 13b. Suitably, the contents of the received data signal 13 are

artitioned into data portions of substantially equal size.

10032] A first data portion, such as data portion 13a is then transmitted via the

multiplexer 6, a demodulator 7, such as mod 2, and a wireless transmitter node 11,

10
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such as T2, to the second subsystem 10b via a first transmission path, sucéh as
transmussion path 15 (block 530). A second data portion, such as data pc;rtion 13bis
then transmitted via the demulﬁplexer 6, another demodulator 7, such as mod;__l, and
another wireless transmitter node 11, such as T1, to the second subsystem 10b via a
second transmission path, such as transmission path 14 (block 540).' Suitably, each
data portion is transmitted at a rate that corresponds to the predetermined
transmission data rate of the received signal 13 divided by the number of wireless
transmmtter nodes 11 used to transmit the data portions. For exami:)lé, if the
predetermined transmission data rate of the received signal 13 is 60 mega-bits per
second (mbps), each of the data portiorfs 13a and 13b are transmitted at a rate of at
least 30 mbps. The first and second data portions, such as data portions 13a and 13b,
are then received in the second subsystem 10b which reassembles them via the
MIMO receiver 16 and outputs the reassembled the data contents in the form of
signal 17 which has the same data portions 13a and 13b as that of signal 13. The
overall flow then ends (blobk 360). ' "

[00033] It will be appreciated that the embodiments of the invention can be used
in wireless networks of greatly varying top‘ologies having more nodes than shown
in FIG. 1, with each of the nodes péssibly taking on more than one role with respect
to the embodiments of the invention. The embodiments of the invention may be
used with a variety of wireless nétworks, such as but not limited to 802.i 1 radiq

ﬁequency (RF) wireless networks or infrared (IR) wireless networks.

[00034]  FIG. 6 is a block diagram of a more complex wireless network 1b in -
which embodiments of the invention may be practiced. As shown in FIG. 1B, the
wireless network 1b is a multiple input multiple output (MIMO) communication
system which includes a first subsfstem 200a in communication.with a second
subsystem 200b. The first subsystem 200a is at least a @ireless transmitter
;ubsystem and the second subsystem 200b is at least a wireless receiver subsystem.

[he first subsystem 200a includes a plurality of wireless transmitter nodes 211,

11
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such as T1 through TN (N>1), and the second subsystem 200b which includes a
plﬁrality of receiving wireless nodes 212, such as R1 through RM (M>1). The
contents of the received signal 130 is then transmitted by the wireless transmitter
nodes 211 to the wireless receiver nodes 212 such that each wireless transmaitter
nodes 211 transmits to all of the wireless receiver nodes 212. For example,

transmitter node T1 transmits the same content to each of the receiver nodes R1
through RM via transmission paths 140_1 through 140_M (M>1).

[00035] As described above in conjunction with the wireless network 1a of FIG.
1, the strength of transmission paths in the wireless netwofk 1b, such as
transmission paths 140 1 t&ough 140 M (M>1) corresponding to T1’s
transmissions to R1 through RM (M>1) respectively, may be reduced by a moving
obstruction 18.. Applying the method described above in conjunction with FIG. 3,
changes in the strengths of transmission paths (determined by the transmission path
analyzer logic 2) in the path of the obstruction 18 can be predicted (such as by the '
predictor logic 209 residing in memory 203) based on the spatiotemporal
correlation (performed by spatiotemporal correlation logic 208) between the

histories of the strengths of the transmission paths of the wireless network 1b.

[00036] The method described above in conjunction with FIG. 5 may also be
applied to the wireless network 1b wherein the signal 130 1s received at a
predetermined transmission rate in.the encoder 205, partitioned into a plurality of
jata portions, such as 130a, 130b, 130c or the like by the processor 204. Each of
he data portions 130a, 1305, 130c or the like are then transmitted via the
lemultiplexer 206 and one of the modulators 207, such as one of mod_1 through
nod N (N>1) in communication with a wireless node 211, such as a .
.orresponding one of T1 through TN (N>1) to each of the receiving wireless
iodes 212 in the second subsystem, such as to R1 through RM (M>1). Suitably,
he data portions are transmitted at a rate that corresponds to the predetermined

-ansmission data rate of the received signal 130 divided by the number of

12
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wireless transmitter nodes 11 used to transmit the data portions. The data
portions are then received in the second subsystem.ZOOb which reassembles them
via the MIMO receiver 160 and outputs the reassembled- the data contents 1n the
form of signal 170 which has the same data portions contents and format as that

of signal 130.

[00037]  Another exemplary embodiment of the invention includes a machine
accessible medium, such as main memory, or other storage devices such as a hard-
disk (not shown) having mstructlons stored thereon that, when executed by a
computing device, such as by due processors 4-or 204, will cause the computing

device to perform the operations described above in conjunction with FIGs. 3-6.

[00038] It should be noted that the various features of the foregoing

~ embodiments were discussed separately for clarity of description only and they can
be 1ncorporated in whole or in part into a single embodiment of the invention
having all or some of these features. It should also be noted that while the
embodiment of the invention were discussed in the context of a wireless systems,

they may also related to non-wireless systems, such as transmissions over coaxial

.or other mediums.
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What 1s claimed is:

1. A method comprising:

maintaining a first history of path strength for a first transmission path between a first
transmission wireless node and a first receiving wireless node selected from a plurality of
receiving wireless nodes in a multiple input multiple output (MIMO) receiver;

maintaining a second history of path strength for a second transmission path between the
first transmission wireless node and a second recetving wireless node selected from the plurality

of recerving wireless nodes in the MIMO recelver;

performing a spatiotemporal correlation between the first history of path strength and the

second history of path strength; and

predicting future changes to strength of the second transmission path based on the

performed spatiotemporal correlation.

2. The method of claim 1, further comprising:
determining the strength of the first transmission path from at least one of a signal
strength and a data rate corresponding to the first transmission path; and

determining the strength of the second transmission path from at least one of a signal

strength and a data rate corresponding to the second transmission path.

3. The method of claim 1, the performing a spatiotemporal correlation between the first

history of path strength and the second history of path strength further comprising:
performing a continuous spatiotemporal correlation between the first history of path
strength and the second history of path strength to determine if any changes in the strength ot the

first transmission path are observed.

4, The method of claim 1, the performing a spatiotemporal correlation between the first
history of path strength and the second history of path strength further comprising:
performing a spatiotemporal correlation of pre-defined features in the strength of each of

the first transmission path and the second transmission path.

14



CA 02642118 2014-02-10

J. The method of claim 4, wherein the pre-defined features exist in at least one of a time

domain or a frequency domain.

0. The method of claim 1, turther comprising:

receiving a data signal 1n a first subsystem from a remote source, the first subsystem
including a plurality of transmitting wireless nodes that includes the first transmission wireless

node:

partitioning the data contents of the received data signal into a plurality of data signal
portions;
transmitting one of the plurality of data signal portions to the MIMO receiver via only the

first transmission wireless node; and

receiving the one of the plurality of data signal portions in each of the plurality of

receiving wireless nodes of the MIMO receiver.

7. A system comprising:

a memory to maintain a first history of path strength for a first transmission path between
a first transmission wireless node and a first receiving wireless node selected from a plurality ot
receiving wireless nodes in a multiple input multiple output (MIMO) receiver; the memory to
further maintain a second history of path strength for a second transmission path between the
first transmission wireless node and a second receiving wireless node selected from the plurality

of recerving wireless nodes in the MIMO receiver;

a spatiotemporal correlation logic to perform a spatiotemporal correlation between the

first history of path strength and the second history of path strength; and
a predictor logic to predict future changes to strength of the second transmission path

based on the performed spatiotemporal correlation.

8. The system of claim 7, further comprising:

a transmission path analyzer logic to determine the strength of the first transmission path
from at least one of a signal strength and a data rate corresponding to the first transmission path,
and to determine the strength of the second transmission path from at least one of a signal

strength and a data rate corresponding to the second transmission path.
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9. The system of claim 7, wherein the spatiotemporal correlation logic to perform
continuous spatiotemporal correlation between the first history of path strength and the second

history of path strength to determine if any changes in the strength of the first transmission path

are observed.

10.  The system of claim 7, wherein the spatiotemporal correlation logic to perform a

spatiotemporal correlation of pre-defined features in the strength of each of the first transmission

path and the second transmission path.

11.  The system of claim 10, wherein the pre-defined features exist in at least one of a time

domain or a frequency domain.

12.  The system of claim 10, tfurther comprising:

a receiver to receive a data signal in a first subsystem from a remote source, the first

subsystem including a plurality of transmitting wireless nodes that includes the first transmission

wireless node;

a processor to partition the data contents of the received data signal into a plurality of
data signal portions; a transmitter to transmit one of the plurality of data signal portions to the

MIMO receiver via only the first transmission wireless node; and

a receiver to receive the one of the plurality of data signal portions in each of the plurality

of receiving wireless nodes of the MIMO receiver.

13. A nontransitory machine accessible medium having instructions stored thereon that,
when executed by a computing device, will cause the computing device to perform the following
operations:

maintain a first history of path strength for a first transmission path between a first
transmission wireless node and a first receiving wireless node selected from a plurality of
recetving wireless nodes in a multiple input multiple output (MIMO) recetver;

maintain a second history of path strength for a second transmission path between the

first transmission wireless node and a second receiving wireless node selected from the plurality

16
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of receiving wireless nodes in the MIMO receiver;
perform a spatiotemporal correlation between the first history of path strength and the
second history of path strength; and

predict future changes to strength of the second transmission path based on the performed

spatiotemporal correlation.

14.  The nontransitory machine accessible medium of claim 13, further comprising software
to: perform a continuous spatiotemporal correlation between the first history of path strength and
the second history of path strength to determine if any changes in the strength of the first

transmission path are observed.
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