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COOPERATION MECHANISM TO LOWER STAND-BY POWER CONSUMPTION

FIELD

[001] The subject matter described herein relates to wireless communications.

BACKGROUND

[002] Cooperative multi-point (CoMP) transmissions provide cooperative
communications (e.g., transmission and/or reception) among radios. For example, in a
cooperative multi-point transmission, a device, such as a user equipment (UE), may
transmit data via an uplink to a plurality of base stations, in which case the CoMP is
referred to as uplink CoMP). The cooperative multi-point transmission may also be
implemented as multiple base stations sending data via a downlink to the same receiving

device, in which case the CoMP is referred to as downlink CoMP.

SUMMARY

[003] Methods and apparatus, including computer program products, are provided
for enabling lower power consumption.

[004] In some exemplary embodiments, there is provided a method. The method
may include establishing, by an apparatus, a first wide area network access link to a wide
area network including a base station; establishing, by the apparatus, a wireless local link
to at least one other apparatus; and placing the first wide area network access link on hold
to allow data transmission to the wide area network to occur through the wireless local link
to the at least one other apparatus and a second wide area network access link coupling

the at least one other apparatus to the wide area network.
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[005] In another exemplary embodiment, there is provided a method. The method
may include establishing, by a wide area network, a first wide area network access link to
an apparatus; placing the first wide area network access link on hold; and sending data
destined for the apparatus through a second wide area network access link coupling at
least one other apparatus to the wide area network and a wireless local link coupling the at
least one other apparatus and the apparatus.

[006] In some variations of some of the embodiments disclosed herein, one or
more of the following may be included. Triggering may be used to place the first wide area
network access link on hold, wherein the triggering is initiated by at least one of the
apparatus, the wide area network, and the at least one other apparatus. One or more of a
traffic load, a quality of the first wide area network access link, a quality of the 'second wide
area network access link, and a quality of the wireless local link may be monitored to
determine whether to place the first wide area network access link on hold to save power
at the apparatus. The apparatus may comprise at least one of a wireless device, a user
equipment, and a mobile station.  The first wide area network access link may comprise
at least one of an uplink to the base station and a downlink from the base station. The
wireless local link may comprise a wireless link configured as at least one of a Bluetooth
link and a WiFi link. Assistance may be requested from the at least one other apparatus to
carry the data transmission over the second wide area network access link to the wide
area network. The at least one other apparatus may use one or more parameters
associated with the apparatus to communicate with the wide area network, when the wide
area network is not aware of the assistance provided by the at least one other apparatus.

The at least one other apparatus may use one or more other parameters associated with
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the at least one other apparatus to communicate with the wide area network, when the
wide area network is aware of the assistance provided by the at least one other apparatus.
A message may be sent to initiate a reestablishment of the first wide area network access
link placed on hold. The first wide area network access link may be placed on hold by at
least one of terminating the first wide area network access link, disconnecting the first wide
area network access link, and reconfiguring the first wide area network access link as a
maintenance control link.

[007] The above-noted aspects and features may be implemented in systems,
apparatus, methods, and/or articles depending on the desired configuration. The details of
one or more variations of the subject matter described herein are set forth in the
accompanying drawings and the description below. Features and advantages of the
subject matter described herein will be apparent from the description and drawings, and

from the claims.

DESCRIPTION OF DRAWINGS
[008] In the drawings,

[009] FIGs. 1A-1C depict block diagrams of wireless communication systems
including cooperative multi-point local area networks, in accordance with some exemplary
embodiments;

[0.1 0] FIG. 2 depicts another block diagram of a wireless communication system
including a cooperative multi-point local area network, in accordance with some exemplary
embodiments;

[011] FIG. 3 depicts a process for placing a wide area network access link on hold,

in accordance with some exemplary embodiments;
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[012] FIGs. 4-7 depict processes for placing a wide area network access link on
hold, in accordance with some exemplary embodiments;

[013] FIGs. 8 and 9 depict processes for re-establishing a link after it has been
placed on hold, in accordance with some exemplary embodiments;

[014] FIG. 10 depicts an example of a base station, in accordance with some
exemplary embodiments; and

[015] FIG. 11 depicts an example of user equipment, in accordance with some
exemplary embodiments.

[016] Like labels are used to refer to same or similar items in the drawings.

DETAILED DESCRIPTION

[017] The subject matter describes herein relates to enabling cooperative
transmissions among a plurality of user equipment to one or more base stations. The
plurality of user equipment may establish a cooperative local area network to coordinate
data transmissions to, and from, the one or more base station located in a wide area
network, which in some implementations may enhance efficiency by, for example,
conserving power and other resources. For example, the cooperative local area network
may enable transmission of data from a first user equipment to one or more other user
equipment within the cooperative local area network. The one or more other user
equipment may forward the data received from the first user equipment to the base station.
The one or more other user equipment act essentially as a relay, or an agent,
cooperatively forwarding data to the wide area network including the base station on behalf
of the first user equipment. Thus, in some exemplary embodiments, the first user

equipment may save power by placing a link to the wide area network on hold, and then
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forwarding data to, and/or receive data from, the wide area network via another
cooperative user equipment of the cooperative local area network.

[018] In some exemplary embodiments, the cooperative local area network (which
includes the first user equipment and the one or more other user equipment) may be
configured in a local area network, such a wireless local area network configured in
accordance with Bluetooth, WiFi, and other wireless local area network technologies. The
cooperative local area network may be referred to as a local area cooperative multipoint
(LA CoMP) network, in which the plurality of user equipment of the local area cooperative
multipoint communicate (e.g., transmit and/or receive) with a wide area network including a
base station in a cooperative manner. The use of cooperative transmissions by the user
equipment, such as the above-noted first user equipment, may, in some implementations,
enhance efficiency, such as throughput, save power, and the like.

[019] In some exemplary embodiments, a user equipment may, as noted, reduce
power consumption by placing its wide area network access link to a base station on hold,
and, while on hold, the user equipment communicates with the wide area network
including the base station using a local wireless link to another user equipment of the local
area cooperative multipoint and the other user equipment’s corresponding wide area
access link to the wide area network/base station. For example, a local area cooperative
multipoint network may include a first user equipment, which may temporarily place on
hold (e.g., disconnect, power down, terminate, closed, placed in a control/maintenance
mode, and the like) a wide area network access link, such as an uplink, to a base station.
By placing the link to the base station on hold, the first user equipment is able to save

power.
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[020] In some exemplary embodiments, the first user equipment may determine
whether its wide area network access link is to be placed on hold, but in some exemplary
embodiments, the wide area network and/or another user equipment may trigger the first
user equipment to place its wide area network access link on hold. Moreover, the first user
equipment may wake up and activate (e.g., re-connect) the link to the wide area network
including the base station. For example, another user equipment of the local area
cooperative multipoint network may send a so-called “wake up message” to the first user
equipment, although the wake up may be initiated by other devices as well including the
- base station and/or the first user equipment itself.

[021] FIG. 1A depicts a system 100 including a plurality of user equipment 114A-C
coupled via local wireless links 192A-C to form a local area cooperative multipoint network.
System 100 also includes a base station 110 with wide area network access links 122A-C,
such as uplinks, downlinks, and the like, to each of the user equipment 114A-C. As noted
above, in the local area cooperative multipoint network, data from user equipment 114C
may be forwarded to user equipment 114A via link 192A and/or user equipment 114B via
link 192B to enable transmission to base station 110. In some exemplary embodiments,
the local area cooperative multipoint network may be configured to include a plurality of
wireless devices (e.g., user equipment), and one or more of these wireless devices may
cooperate in communicating data to the wide area network by placing on hold one or more
links to the wide area and allowing the wireless device (which has its wide area link on
hold) to use another wireless device’s link(s) to the wide area network/base station to send

and/or receive data to and/or from the wide area network/base station.
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[022] FIG. 1B depicts system 100 after user equipment 114C temporarily places on
hold link 122B to base station 110 in order to optimize power consumption (e.g., save
power at user equipment 114C). FIG. 1B depicts at 190A that the link 122B to base
station 110 has been temporarily places on hold, so that user equipment 114C can save
power. In the example of FIG. 1B, user equipment 114C may forward any data for
transmission to the wide area network to one or more other user equipment of the local
area cooperative multipoint network, such as user equipment 114A and/or user equipment
114B, so that the forwarded data can be transmitted to base station 110 via links 122A and
122C. In some exemplary embodiments, the local area cooperative multipoint network (or
user equipment therein) may be configured to trigger the on hold of link 122B and/or
trigger a wake up to user equipment 114C to re-connect link 122B, although the trigger
may be initiated by user equipment 114C itself and/or another user equipmént of the local
area cooperative multipoint network. Although, placing the link on hold may include
disconnecting and/or terminating the link, the on hold link may also be placed into a
control/maintenance mode to allow some exchange of control data to the base station but
not allow user data transmission to the wide area network/base station.

[023] FIG. 1C depicts system 100 after user equipment 114C temporarily places
on hold link 192A to user equipment 114A in order to provide additional power savings.
FIG. 1C depicts at 190B that local link 192A has been temporarily placed on hold, so that
user equipment 114C can save additional power. in the example of FIG. 1C, user
equipment 114C may forward data to user equipment 114B and wide area network access
link 122C to allow transmission to wide area network/base station 110. In some exemplary

embodiments, the local area cooperative multipoint network (or a user equipment therein)
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may be configured to trigger the temporarily disconnect 190B of local link 192A and/or
trigger a wake up to user equipment 114C to re-connect link 192B, although base station
110 may also trigger the disconnect or the wake up as well. The base station may also
control the configuration of the local links of the local area cooperative multipoint network.

[024] Before providing additional details, an exemplary system environment 200 is
described in connection with FIG. 2. In some exemplary embodiments, the wireless
communication system 200 may include base station 110 supporting corresponding
service or coverage areas 112A-B (also referred to as cells). The base station 110 may be
capable of communicating with wireless devices, such as user equipment 114A-C, within
its coverage areas. FIG. 2 also depicts that user equipment 114C may also be in another
coverage area 112B, which may be served by another base station as well. Although FIG.
2 depicts a single base station 110, two cells 112A-B, and three user equipment 114A-C,
the wireless communication system 100 may include other quantities of base stations,
cells, and user equipment as well.

[025] The user equipment 114A-C may be configured in a local area network via
one or more local links, such as links 192A-C. For example, links 192A-C may be
implemented as Bluetooth communications links, WiFi communication links, and any other
types of wireless local area network links. Moreover, user equipment 114A-C may be
configured in a local area cooperative multipoint network, as noted above.

[026] The base station 110 may, in some exemplary embodiments, be
implemented as an evolved Node B (eNB) type base station consistent with standards,
including the Long Term Evolution (LTE) standards, such as 3GPP TS 36.201, “Evolved

Universal Terrestrial Radio Access (E-UTRA); Long Term Evolution (LTE) physical layer,
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General description,” 3GPP TS 36.211, "Evolved Universal Terrestrial Radio Access (E-
UTRA); Physical channels and modulation,” 3GPP TS 36.212, “Evolved Universal
Terrestrial Radio Access (E-UTRA); Multiplexing and channel coding,” 3GPP TS 36.213,
“Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures,” 3GPP
TS 36.214, “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer -
Measurements,” and any subsequent additions or revisions to these and other 3GPP
series of standards (collectively referred to as LTE standards).

[027] Although FIG. 2 depicts an example of a configuration for base station 110,
the base station 110 may be configured in other ways including, for example, relays,
cellular base station transceiver subsystems, gateways, access points, radio frequency
(RF) repeaters, frame repeaters, nodes, and include access to other networks as well. For
example, base station 110 may have wired and/or wireless backhaul links to other network
elements, such as other base stations, a radio network controller, a core network, a
serving gateway, a mobility management entity, a serving GPRS (general packet radio
service) support node, a network management system, and the like.

[028] In some exemplary embodiments, the wireless communication system 200
may include wide area network access links, such as links 122A-C. The access links
122A-C may include a downlink, such as downlink 116, for transmitting to the user
equipment 114A and/or an uplink, such as uplink 126, for transmitting from user equipment
114A to the base station 110. The downlink 116 may comprise a modulated radio
frequency carrying information, such as control messages, data, and the like, to the user
equipment 114A, and the uplink 126 may comprise a modulated radio frequency carrying

information, such as control messages, data, and the like, from the user equipment 114A
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to base station 110. The downlink 116 and uplink 126 may, in some exemplary
embodiments, each represent a radio frequency (RF) signal. The RF signal may, as noted
above, include information, such as voice, video, images, Internet Protocol (IP) packets,
control information, and any other type of data and/or messages. For example, when LTE
is used, the RF signal may use OFDMA. OFEDMA is a multi-user version of orthogonal
frequency division multiplexing (QFDM). In OFDMA, multiple access is achieved by
assigning, to individual users, groups of subcarriers (also referred to as subchannels or
tones). The subcarriers are modulated using BPSK (binary phase shift keying), QPSK
(quadrature phase shift keying), or QAM (quadrature amplitude modulation), and carry
symbols (also referred to as OFDMA symbols) including data coded using a forward error-
correction code. The subject matter described herein is not limited to application to
OFDMA systems, LTE, LTE-Advanced, or to the noted standards and specifications. The
uplinks and/or downlinks (which may be used as part of the wide area network access
links 122A-C) may be configured in a manner similar to downlink 116 and uplink 126.

[029] In some exemplary embodiments, the user equipment 114A-C may be
implemented as a mobile device and/or a stationary device. The user equipment 114A-C
are often referred to as, for example, mobile stations, mobile units, subscriber stations,
wireless terminals, tablets, smart phones, smart devices, wireless devices, or the like. A
user equipment may be implemented as, for example, a wireless handheld device, a
wireless plug-in accessory, or the like. In some cases, user equipment may include a
processor, a computer-readable storage medium (e.g., memory, storage, and the like), a

radio access mechanism, and/or a user interface.
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[030] In some exemplary embodiments, a device, such as user equipment 114C, is
part of a cooperative local area network and is connected to the wide area network. For
example, user equipment 114C may set link 122B on hold and maintain accessibility to the
wide area network through the local area cooperative multipoint network (e.g., via user
equipment 114A or B and their wide area network access links).

[031] In some exemplary embodiments, the link 122B to the wide area network
(e.g., base station 110) may be set on hold without notifying the wide area network, e.g.,
without sending a notification message to base station 110 indicating link 122B has been
placed on hold. Nor is the wide area network, such as base station 110, notified that user
equipment 114C is instead using the uplinks/downlinks of other cooperative user
equipment in the local area cooperative multipoint network. When the wide area network
is not aware of link 122B being placed on hold, other user equipment, such as one or more
of user equipment 114A-C, in the local area cooperative multipoint network may trigger
(e.g., initiate) link 122B being placed on hold and thus user equipment 114C’s data being
sent to the other user equipment 114A or B for transmission to the wide area network/base
station. However, when wide area network is aware of link 122B being placed on hold, the
wide area network may trigger (e.g., initiate) link 122B being placed on hold and user
equipment 114C’s data being forwarded to the other user equipment 114A or B for
transmission to the wide area network, although user equipment 114A-C as members of
the local area cooperative multipoint network may also initiate the hold and forwarding.

[032] FIG. 3 depicts a process 300 for conserving power in user equipment by
placing on hold a link to a wide area network and then forwarding data traffic to at least

one other user equipment within a local area cooperative multipoint network, so that the at
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least one other user equipment can forward the data traffic to the wide area network
including the base station, in accordance with some exemplary embodiments. The
description of process 300 also refers to FIGs. 1A, 1B, 1C, and 2.

[033] In some exemplary embodiments, the user equipment 114C may connect, at
310, to the wide area network including base station 110. Moreover, the user equipment
114C may also connect, at 320, to the local area cooperative multipoint network
comprising user equipment 114A-C coupled via wireless local links 192A-C.

[034] In some exemplary embodiments, monitoring may be performed at 320 to
determine whether power can be saved at one of the user equipment 114A-C of the local
area cooperative multipoint network. For example, user equipment 114C may monitor its
traffic load, mobility, quality of wide area access network link 122B, quality of wide area
access network links 122A and C, and the quality of local links 192A-B to other devices
within the local area cooperative multipoint network. In some exemplary embodiments, if
local area network links 192A-B are reliable, user equipment 114C may initiate an on hold
of wide area network access link 122B, although the wide area network including base
station 110 and/or user equipment 114A or B may also determine whether to terminate
wide area access network link 122B as well. The placing on hold of wide area network
access link 122B allows user equipment 114C to conserve power. Once on hold, user
equipment 114C may communicate with the wide area network including base station 110
by forward traffic to, and/or receiving traffic from, other nodes, such as user equipment
114A and/or user equipment 114B of the local area multipoint cooperative network to allow
those other nodes to forward/receive the traffic to a base station via their wide area

network access links.
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[035] In some exemplary embodiments, one or more of user equipment 114A-C
may collaboratively select which user equipment in the local area cooperative multipoint
network will have one of its links configured to an on hold state. Although in some
exemplary embodiments, one or more of user equipment 114A-C may instead
collaboratively select a user equipment to control which links 122A-C of the local area
cooperative multipoint network are placed on hold and/or triggered for a wake up.

[036] Moreover, a variety of different rules may be used for selecting which user
equipment and corresponding wide area network access links are placed on hold. For
example, a rule may comprise selecting a user equipment as a controller configured to
determine which user equipment in the local area cooperative muitipoint network is placed
on hold. Another example rule may comprise a user equipment closest to the base station
(or having a high quality signal/power) being selected as the wide area network access link
to be used by at least one other user equipment, which sets its wide area network access
link on hold.

[037] FIG. 4 depicts a process 400 for placing a wide area network access link of a
user equipment on hold, in accordance with some exemplary embodiments. The
description of process 400 also refers to FIGs. 1A, 1B, 1C, and 2.

[038] When the wide area network access link 122B is on hold 405, the user
equipment 114C may receive and transmit user data through another node, such as user
equipment 114A or B, in the local area cooperative multipoint network. The other node,
such as user equipment 114A or B acts on behalf of user equipment 114C as a
relay/gateway for user equipment 114C, when communicating data to the wide area

network including base station 110. For example, base station 110 may send, at 410, data

13-



WO 2013/122587 PCT/US2012/025291

Agent's Reference No.: 39700-838F01WO/NC77896

to user equipment 114A, which forwards, at 415, the data via link 192A to user equipment
114C (which placed its wide area network access link 122B on hold). At 420, user
equipment 114C may send data to the wide area network by first sending the data via link
192A to user equipment 114A, which forwards, at 425, the data via link 122A to base
station 110.

[039] FIG. 5 depicts a process 500 for placing a wide area network access link of a
user equipment on hold in accordance with some exemplary embodiments. Process 500
depicts an example process 500 used when the wide area network including base station
110 is not aware of a user equipment placing a wide area network access link on hold.
The description of process 500 also refers to FiGs. 1A, 1B, 1C, and 2.

[040] In some exemplary embodiments, user equipment 114C sends, at 505, a
message requesting assistance to user equipment 114A. By sending the request for
assistance message at 505, user equipment 114C attempts to save power by using
another user equipment in the local area cooperative multipoint network to forward user
equipment 114C’s data to the wide area network/base station 110. In some exemplary
embodiments, the message requesting assistance may include the wide area network
access link parameters of user equipment 114C. For example, in instances when the base
station 110 is not aware that user equipment 114A and/or user equipment 114B are
forwarding/receiving data on behalf of user equipment 114C, user equipment 114A and/or
user equipment 114B would need at least some of the security related information (e.g.,
security keys for authentication), link parameters, and/or the like for user equipment 114C

data so that user equipment 114A and/or user equipment 114B are enabled and/or
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authorized to transmit data (or receive data from) the wide area network on behalf of user
equipment 114C.

[041] User equipment 114A may, at 510, confirm that it is able to relay data from
user equipment 114C to the wide area network/base station 110, in accordance with some
exemplary embodiments. Moreover, user equipment 114A may test user equipment
114C’s wide area network access link 122B by sending test data (e.g., a null frame
transmitted to base station 110 to test link 122B), and if link 122B is operative, user
equipment 114A may send the confirmation at 510 to confirm the assist message. At 515,
user equipment 114C may place wide area network access link 122B on hold. At 520,
user equipment 114A may cooperate by allowing wide area network access link 122A to
be used by user equipment 114C. As such, user equipment 114A may receive, at 525,
data on behalf of user equipment 114C, and forward, at 530, any received data through
the local area multipoint cooperative network to user equipment 114C. Although the
previous example describes user equipment 114A receiving data on behalf of user
equipment 114C, user equipment 114A may also transmit data to base station 110 on
behalf of user equipment 114C.

[042] FIG. 6 depicts a process 600 for placing a wide area access link of a user
equipment on hold, in accordance with some exemplary embodiments. Process 600
depicts an example process used when the wide area network, such as for example base
station 110, is aware of a user equipment placing a wide area network access link on hold.
The description of process 600 also refers to FIGs. 1A, 1B, 1C, and 2.

[043] When the wide area network, such as base station 110, knows that a plurality

of user equipment 114A-C belong to a local area cooperative multipoint network, the wide
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area network including base station 110 may determine which wide area network access
link to place on hold. In some exemplary embodiments, the base station 110 may send, at
605, a message to user equipment 114C. The message may indicate that the wide area
network access link 122B should be placed on hold. At 610, the user equipment 114C
may respond with an acknowledgement message. At 615, base station 110 may send a
request to assist message to user equipment 114A. User equipment 114A may then send
an acknowledgement at 620 to base station 110 and a confirmation of assistance at 630 to
user equipment 114C, which may respond with an acknowledgement at 635. User
equipment 114C may also confirm with base station 110 that it will be using the wide area
network access link 122A of user equipment 114A by sending a confirmation to assist
message at 640. The base station 110 may acknowledge, at 650, the confirmation
message sent at 640 from user equipment 114C. At 655, user equipment 114C may place
its wide area access link 122B on hold, and thus receive and/or forward wide area network
traffic via user equipment 114A and link 122A to base station 110.

[044] FIG. 7 depicts a process 700 for placing a wide area network access link of
a user equipment on hold in accordance with some exemplary embodiments. Process 700
depicts an example process 700 used when the wide area network including base station
110 is aware of a user equipment placing a wide area network access link on hold but the
link placed on hold is initiated by a user equipment of the local area cooperative multipoint
network rather than the wide area network. The description of process 700 also refers to
FiGs. 1A, 1B, 1C, and 2.

[045] In some exemplary embodiments, the user equipment 114C may determine

that it can save power by placing on hold (e.g., disconnecting, powering down, and the
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like) the wide area network access link 122B to base station 110B and instead use a wide
area network access link of another user equipment on the same local area cooperative
multipoint network. When this is the case, the user equipment 114C may send, at 705, a
message, such as a request to set wide area network access link 122B on hold message,
to base station 110. The request to set wide area network access link on hold message
may include an identifier of the device, such as user equipment 114A or link 122A, which is
proposed as the user equipment for forwarding/receiving user equipment's 114C traffic
after link 122B. For example, user equipment 114C may leave the decision to base station
110, and base station 110 may have information identifying which user equipment 114A-C
have good links to the base station 110. Base station 110 may aiso have information
identifying that the user equipment 114A-C are in the same cooperative multipoint local
area network, and which of the local links are operative as well. Furthermore, before
sending message 705, user equipment 114C may measure the local area network access
link that it proposes to be used for all of its transmissions. For example, user equipment
114C may measure the quality of links 192A-B.

[046] In some exemplary embodiments, the base station 110 may, at 710,
acknowledge message 705. Moreover, base station 110 may send, at 715, a request to
assist message to user equipment 114A, which is the candidate user equipment being
considered to assist user equipment 114C, when the link 122B is placed on hold.
Moreover, the base station 110 may also configure the local area cooperative multipoint
network links 192A-C. User equipment 114A may reject the request sent at 715 by

sending an assistance reject message to base station 110.
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[047] In some exemplary embodiments, the request to assist message may include
one or more of the following: the address or identification of user equipment 114C (which
is being assisted); the wide area address of the downlink data to be forwarded to user
equipment 114C; the wide area address of uplink data from the user equipment 114C;
criteria to reactivate the wide area link 122B; and criteria to change the local area link
192A.

[048] In some exemplary embodiments, user equipment 114A may send, at 720,
an acknowledgement message in response to message 715. Moreover, user equipment
114A may send, at 725, a confirmation to assist message to user equipment 114C, which
may send an acknowledgement at 730. In addition, user equipment 114C may send, at
735, a confirmation to assist message to base station 110, which may send an
acknowledgement at 740. At 745, user equipment 114C may place wide area network
access link 122B on hold to save power. During the on hold state, user equipment 114C
may forward data to the wide area network via link 192A and user equipment 114A, and
user equipment 114C may receive data from the wide area network via link 192A and user
equipment 114A as well.

[049] FIG. 8 depicts a process 800 for waking up a user equipment or a
corresponding a wide area network access link, in accordance with some exemplary
embodiments. The description of process 800 also refers to FIGs. 1A, 1B, 1C, and 2.

[050] Process 800 depicts user equipment 114C and corresponding link 122B on
hold at 805. The wake up of the on hold state may be triggered by the wide area network

and/or another device in the local area cooperative multipoint network, such as user
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equipment 114A-C. Process 800 depicts, however, the wide area network initiating the
wake up.

[051] In some exemplary embodiments, wide area network, such as base station
110, may determine, at 810, that it seeks to establish a downlink to user equipment 114C
to send data to user equipment 114C, and, as such, base station 110 may send an
activate wide area network access link message to user equipment 114C at 815. The
activate wide area network access link message for user equipment 114C may be
forwarded via the link 122A to user equipment 114A as link 122B is on hold. The base
station 110 may determine it needs to wake (e.g., initiate activation of) link 122B for a
variety of reasons. For example, when link 192A or link 192B to the so-called relay node
(e.g., user equipment 114A and/or 114B) degrades in quality, base station 110 may
determine that link 122B should be reestablished. In some instances, base station 110
may seek to rotate the wide area network access link responsibility to another user
equipment of the local area cooperative multipoint network and, as such, issue a wake
message.

[052] In some exemplary embodiments, user equipment 114A may send, at 820,
an acknowledgement message to base station 110, and send at 825 an activate wide area
access link message to local link 192A and user equipment 114C. User equipment 114C
may acknowledge at 830 message 825, and send, at 835, a message to base station 110
to indicate that user equipment 114C and link 122B are active (and thus no longer on
hold). At 840-845, the base station 110 may send data to user equipment 114C over the

reestablished link 122B.
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[053] FIG. 9 depicts a process 900 for initiating a wake up of a link, in accordance
with some exemplary embodiments. The description of process 900 also refers to FiGs.
1A, 1B, 1C, and 2.

[054] In some exemplary embodiments, user equipment 114C is assisted by user
equipment 114A in the sense that user equipment 114A relays (e.g., transmits and/or
receives) on behalf of user equipment 114C data to the base station 110 via link 122A. At
905, base station 110 may send data to user equipment 114A, which forwards at 910 the
data to user equipment 114C via local area link 192A. At 915, the local area link 192A is
lost and/or unavailable. At 920, user equipment 114C may then re-establish its link 122B
to base station 110 by at least sending to base station 110 a local area link lost message
to indicate that local area link 192A has been lost (or is no longer accessible). At 925, the
base station 110 may send an acknowledgement message responding to message 920.
At 930, base station 110 may send over reestablished link 122B data directly to user

equipment 114C, which may send an acknowledgement at 935.

[055] FIG. 10 depicts an example implementation of a base station 1000, which
may be implemented at base station 110. The base station may include one or more
antennas 1020 configured to transmit via a downlink and configured to receive uplinks via
the antenna(s) 1020. The base station may further include a radio interface 1040 coupled
to the antenna 1020, a processor 1030 for controiling the base station 1000 and for
accessing and executing program code stored in memory 1035. The radio interface 1040
may further include other components, such as filters, converters (e.g., digital-to-analog
converters and the like), mappers, a Fast Fourier Transform (FFT) module, and the like, to

generate symbols for a transmission via one or more downlinks and to receive symbols
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(e.g., via an uplink). In some implementations, the base station may also be compatible
with |IEEE 802.16, LTE, LTE-Advanced, and the like, and the RF signals of downlinks and
uplinks are configured as an OFDMA signal. The base station may include a cooperative
multi-point local area network processor 1050. In some implementations, the cooperative
multi-point local area network processor 1050 may perform one or more of the operations
described herein with respect to a base station, such as an eNB, including one or more
aspects of processes 300, 400, 500, 600, 700, 800, and/or 900.

[056] FIG. 11 depicts a block diagram of a radio, such as a user equipment 1100.
The user equipment 1100 may include an antenna 1120 for receiving a downlink and
transmitting via an uplink. The user equipment 1100 may also include a radio interface
1140, which may include other components, such as filters, converters (e.g., digital-to-
analog converters and the like), symbol demappers, signal shaping components, an
Inverse Fast Fourier Transform (IFFT) module, and the like, to process symbols, such as
OFDMA symbols, carried by a downlink or an uplink. In some implementations, the user
equipment 1100 may also be compatible with WiFi, Bluetooth, GERAN, UTRAN, E-
UTRAN, and/or other standards and specifications as well. The user equipment 1100 may
further include at least one processor, such as processor 1130, for controlling user
equipment 1100 and for accessing and executing program code stored in memory 1135.
The user equipment may include a cooperative multi-point local area network processor
1150. In some exemplary embodiments, cooperative multi-point local area network
processor 1150 may perform one or more of the operations described herein with respect
to user equipment including one or more aspects of processes 300, 400, 500, 600, 700,

800, and/or 900.
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[057] The subject matter described herein may be embodied in systems,
apparatus, methods, and/or articles depending on the desired configuration. For example,
the base stations and user equipment (or one or more components therein) and/or the
processes described herein can be implemented using one or more of the following: a
processor executing program code, an application-specific integrated circuit (ASIC), a
digital signal processor (DSP), an embedded processor, a field programmable gate array
(FPGA), and/or combinations thereof. These various implementations may include
implementation in one or more computer programs that are executable and/or interpretable
on a programmable system including at least one programmable processor, which may be
special or general purpose, coupled to receive data and instructions from, and to transmit
data and instructions to, a storage system, at least one input device, and at least one
output device. These computer programs (also known as programs, software, software
applications, applications, components, program code, or code) include machine
instructions for a programmable processor, and may be implemented in a high-level
procedural and/or object-oriented programming language, and/or in assembly/machine
language. As used herein, the term “machine-readable medium” refers to any computer
program product, computer-readable medium, computer-readable storage medium,
apparatus and/or device (e.g., magnetic discs, optical disks, memory, Programmable Logic
Devices (PLDs)) used to provide machine instructions and/or data to a programmable
processor, including a machine-readable medium that receives machine instructions.
Similarly, systems are also described herein that may include a processor and a memory
coupled to the processor. The memory may include one or more programs that cause the

processor to perform one or more of the operations described herein.

22



WO 2013/122587 PCT/US2012/025291

Agent's Reference No.: 39700-838F01WO/NC77896

[058] Although a few variations have been described in detail above, other
modifications or additions are possible. In particular, further features and/or variations may
be provided in addition to those set forth herein. For example, the implementations
described above may be directed to various combinations and subcombinations of the
disclosed features and/or combinations and subcombinations of several further features
disclosed above. In addition, the logic flow depicted in the accompanying figures and/or
described herein does not require the particular order shown, or sequential order, to
achieve desirable results. Other embodiments may be within the scope of the following

claims.
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WHAT IS CLAIMED:

1. A method comprising:

establishing, by an apparatus, a first wide area network access link to a wide area
network including a base station;

establishing, by the apparatus, a wireless local link to at least one other apparatus;
and

placing the first wide area network access link on hold to allow data transmission to
the wide area network to occur through the wireless local link to the at least one other
apparatus and a second wide area network access link coupling the at least one other

apparatus to the wide area network.

2. A method as in claim 1 further comprising:
triggering the placing of the first wide area network access link on hold, wherein the
triggering is initiated by at least one of the apparatus, the wide area network, and the at

least one other apparatus.

3. A method as in any of claims 1-2 further comprising:

monitoring one or more of a traffic load, a quality of the first wide area network
access link, a quality of the second wide area network access link, and a quality of the
wireless local link to determine whether to place the first wide area network access link on

hold to save power at the apparatus.
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4, A method as in any of claims 1-3, wherein the apparatus comprises at least

one of a wireless device, a user equipment, and a mobile station.

5. A method as in any of claims 1-4, wherein the first wide area network access
link comprises at least one of an uplink to the base station and a downlink from the base

station.

6. A method as in any of claims 1-5, wherein the wireless local link comprises a

wireless link configured as at least one of a Bluetooth link and a WiFi link.

7. A method as in any of claims 1-6 further comprising:

requesting assistance from the at least one other apparatus to carry the data
transmission over the second wide area network access link to the wide area network,
wherein the at least one other apparatus uses one or more parameters associated with the
apparatus to communicate with the wide area network, when the wide area network is not
aware of the assistance provided by the at least one other apparatus, and wherein the at
least one other apparatus uses one or more other parameters associated with the at least
one other apparatus to communicate with the wide area network, when the wide area

network is aware of the assistance provided by the at least one other apparatus.

8. A method as in any of claims 1-7 further comprising:
sending a message to initiate a reestablishment of the first wide area network

access link placed on hold.
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9. A method as in any of claims 1-8 further comprising:

placing the first wide area network access link placed on hold by at least one of
terminating the first wide area network access link, disconnecting the first wide area
network access link, and reconfiguring the first wide area network access link as a

maintenance control link.

10.  An apparatus comprising:

at least one processor; and

at least one memory including code which when executed configures operations
comprising:

establishing, by the apparatus, a first wide area network access link to a wide area
network including a base station;

establishing, by the apparatus, a wireless local link to at least one other apparatus;
and
| placing the first wide area network access link on hold to allow data transmission to
the wide area network to occur through the wireless local link to the at least one other
apparatus and a second wide area network access link coupling the at least one other

apparatus to the wide area network.
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11.  An apparatus as in claim 10 further comprising:
triggering the placing of the first wide area network access link on hold, wherein the
triggering is initiated by at least one of the apparatus, the wide area network, and the at

least one other apparatus.

12.  An apparatus as in any of claims 10-11 further comprising:

monitoring one or more of a traffic load, a quality of the first wide area network
access link, a quality of the second wide area network access link, and a quality of the
wireless local link to determine whether to place the first wide area network access link on

hold to save power at the apparatus.

13.  An apparatus as in any of claims 10-12, wherein the apparatus comprises at

least one of a wireless device, a user equipment, and a mobile station.

14.  An apparatus as in any of claims 10-13, wherein the first wide area network

access link comprises at least one of an uplink to the base station and a downlink from the

base station.

15.  An apparatus as in any of claims 10-14, wherein the wireless local link

comprises a wireless link configured as at least one of a Bluetooth link and a WiFi link.
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16.  An apparatus as in any of claims 10-15 further comprising:
requesting assistance from the at least one other apparatus to carry the data

transmission over the second wide area network access link to the wide area network.

17.  An apparatus as in any of claims 10-16 further comprising:
sending a message to initiate a reestablishment of the first wide area network

access link placed on hold.

18.  An apparatus as in any of claims 10-17 further comprising:

placing the first wide area network access link placed on hold by at least one of
terminating the first wide area network access link, disconnecting the first wide area
network access link, and reconfiguring the first wide area network access link as a

maintenance control link.

19. A non-transitory computer readable medium including code which when
executed by at least one processor provides operations comprising:

establishing, by the apparatus, a first wide area network access link to a wide area
network including a base station;

establishing, by the apparatus, a wireless local link to at least one other apparatus;
and

placing the first wide area network access link on hold to allow data transmission to

the wide area network to occur through the wireless local link to the at least one other
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apparatus and a second wide area network access link coupling the at least one other

apparatus to the wide area network.

20. A method comprising:

establishing, by a wide area network, a first wide area network access link to an
apparatus;

placing the first wide area network access link on hold; and

sending data destined for the apparatus through a second wide area network
access link coupling at least one other apparatus to the wide area network and a wireless

local link coupling the at least one other apparatus and the apparatus.

21. A method as in claim 20 further comprising:
triggering the placing of the first wide area network access link on hold, wherein the
triggering is initiated by at least one of the apparatus, the wide area network, and the at

least one other apparatus.

22. A method as in any of claims 20-21 further comprising:

monitoring one or more of a traffic load, a quality of the first wide area network
access link, a quality of the second wide area network access link, and a quality of the
wireless local link to determine whether to place the first wide area network access link on

hold to save power at the apparatus.
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23. A method as in any of claims 20-22 further comprising:
sending a message to initiate a reestablishment of the first wide area network

access link placed on hold.

24.  An apparatus comprising:

at least one processor; and

at least one memory including code which when executed configures operations
comprising:

establishing, by a wide area network, a first wide area network access link to an
apparatus;

placing the first wide area network access link on hold; and

sending data destined for the apparatus through a second wide area network
access link coupling at least one other apparatus to the wide area network and a wireless

local link coupling the at least one other apparatus and the apparatus.

25.  An apparatus as in claim 24 further comprising:
triggering the placing of the first wide area network access link on hold, wherein the
triggering is initiated by at least one of the apparatus, the wide area network, and the at

least one other apparatus.

26. An apparatus as in any of claims 24-25 further comprising:
monitoring one or more of a traffic load, a quality of the first wide area network

access link, a quality of the second wide area network access link, and a quality of the
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wireless local link to determine whether to place the first wide area network access link on
hold to save power at the apparatus, wherein the monitoring is performed by at least one

of the apparatus, the wide area network, and the at least one other apparatus.

27.  An apparatus as in any of claims 24-26 further comprising:
sending a message to initiate a reestablishment of the first wide area network

access link placed on hold.

28. A non-transitory computer readable medium including code which when
executed by at least one processor provides operations comprising:

establishing, by a wide area network, a first wide area network access link to an
apparatus;

placing the first wide area network access link on hold; and

sending data destined for the apparatus through a second wide area network
access link coupling at least one other apparatus to the wide area network and a wireless

local link coupling the at least one other apparatus and the apparatus.

-31-



WO 2013/122587 PCT/US2012/025291

1/13

122A

Base
station 110

UE 114A

FIG. 1A

122C
192A

A\

S
o

UE 114B
4
UE 114C

192B



WO 2013/122587 PCT/US2012/025291

2/13

122A

Base
station 110

UE 114A

FIG. 1B

122C
192A

@&\\\@N

B

%

UE 114B
UE 114C

192B



WO 2013/122587 PCT/US2012/025291

3/13

<C
N
(9]
o

Base
station 110

UE 114A

FIG.1C

122C
192A

UE 114B

m
N
o
-



PCT/US2012/025291

WO 2013/122587

4/13

Vel

o
(=
N

ovil
swdinb3

dcil




WO 2013/122587

5/13

D
o

PCT/US2012/025291

CONNECT TO WIDE AREA
NETWORK

310
-

CONNECT TO LOCAL AREA
COOPERATIVE NETWORK

315
-

MONITORING TO DETERMINE
WHETHER TO CONSERVE POWER

320
-

PLACE ON HOLD AT LEAST
ONE LINK TO A WIDE AREA
NETWORK

325
-

FIG. 3



PCT/US2012/025291

WO 2013/122587

6/13

¥ "Old

TT uonels aseq Jv1T AN

— (OPLL 3N wouy) uol

Gev k

oril An

01 e1eQ

1els aseq 0] eje(J——

——B]1S 9seq 0] eje(—p

<4— OpLL In Bled——-

ozy -

Giv \

>

Ploy U0 19s 3ul] VM

Gov

(&
O
<

_J

oLy




PCT/US2012/025291

WO 2013/122587

713

OTT uonels aseg

g 'Old

YITuawdinba sesn  VrITIuswdinba uesn

GZs

. owLLan O1eleq ‘g

0¢€s

%

< opi1an Ol Bled v+

>

PIOY U0 13s Jul]l VM

AU VA

. opiLan S91edadQ

clg— 15ISSY

<

(e
o
19}

0] UOIIBWIIUOD) T |
0LS ‘\

—1SISSy 01 1s9nbay T

/ G0S

[ 0¢s



9 'Ol
L VITT
TT uoneis aseq JDPTT uawdinba Jasn qusawdinba J4asn

PCT/US2012/025291

8/13

WO 2013/122587

GG9

PIOY UO 335 3ul] VM

059
Isisse ceo

0} UOI1BWIIJUO) 9
) 979 —|JV .m||||v/
0v9 097~ 351558
029 <

¢

0} UOIBWIUOD) 'p |

< NV ¥
I

|eulw .9} 1SISSe 01 1sanbay .mlﬂ|v
0L9

o 19
Y " (———

ploy
U0 U VM 195 T -

\

G09

o
©



PCT/US2012/025291

WO 2013/122587

9/13

11 uolels aseg

L 'Old

U*HHHC@EQ_JUM i9sn <¢HHHC®EQ_BU® 19SN

Ob. Ploy U0 33 ul] VM

1sisse
A'

sy, —

01 cozmgcou ‘9 |
GgelL

“ 0y uonewuuoy .¢||]mwm

s

OLL ~
—4JV ¢
pioy uo xul|
A<\</ 195 0115anbaut '
G0.L \

(@)
M~

0€l

N

WY G——P
1s1sse

0cL
Pl B

I
|eulwla]l 1SiSse 03 Ison

bay ‘¢——»

N

Gz




PCT/US2012/025291

10/13

WO 2013/122587

8 'Old

0TT uonejs aseg IFTTIuowdinba sasn  VrTTiuswdinba yasn

mva
— opyp3n O Eled—mr

— ovibdn 1 eled-»

or8 7. 08
——oANOR OFLL 3N — 3Oy / »
ceg — S

<“—VM 31BAIDY "

0Z8

< / NV
I

OvLLIN  JO VM 91BARDY

)

Gi8

arLL AN
o1 e1ep 1@

\

ol8
PlOY UO 135 3jul] YW

a

Go8

(@)
()
0



PCT/US2012/025291

WO 2013/122587

11/13

OTT uonels aseq

6 Old

FpTTuawdinbs sasn  YPTTiuswdinba uasn

56

< >y \/_

— oyl 3n Ol eled-—»
06 G

vU<Nb>u||lv

50| Jul} V1——

J

0¢6

mv%

mom\

1801 vyl 0l
3N O} Hul] [e307]

< Jvll 3N 01 elegq—

ovil 3N oy &leq———»




O

WO 2013/122587

1040

Radio Interface

12/13

PCT/US2012/025291

(@)

Processor

CoMP PROCESSOR

O

(g}

Memory

FIG. 10



O

WO 2013/122587

1140

Radio Interface

PCT/US2012/025291

[

Processor

150

CoMP Processor 1

0

Memory

FIG. 11



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/025291

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W52/02
ADD.

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)

HOAW

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 2009/325622 Al (MATSUMURA TAKASHI [JP]
ET AL) 31 December 2009 (2009-12-31)
abstract; figure 1
paragraphs [0018] - [0023],
paragraphs [0071] - [0093]
paragraphs [0100] - [0108],
X US 2008/192666 Al (KOSKAN PATRICK D [US]
ET AL) 14 August 2008 (2008-08-14)

[0027]
[0129]

paragraphs [0024], [0025]
paragraphs [0029] - [0333]
paragraphs [0039] - [0040]

1-28

1,2,4-6,
10,11,
13-15,
19-22,
24,25,28

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

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

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

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

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

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

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

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

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr:ts, such combination being obvious to a person skilled
inthe art.

"&" document member of the same patent family

Date of the actual completion of the international search

24 April 2012

Date of mailing of the international search report

04/05/2012

Name and mailing address of the ISA/

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

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

Fax: (+31-70) 340-3016

Authorized officer

Straniero, Roberto

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/025291

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

paragraphs [0034] - [0040], [0044]

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2006/040656 Al (KOTZIN MICHAEL D [US]) 1,2,4-6,
23 February 2006 (2006-02-23) 9-11,
13-15,
18-21,
24,25,28
paragraphs [0004] - [0006], [0012]
paragraphs [0020] - [0025]
paragraphs [0036] - [0040]
X US 2008/113692 Al (ZHAO WEN [US] ET AL) 1-3,8,
15 May 2008 (2008-05-15) 10-12,
17,19,
20,
22-24,
27,28

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

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/025291
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2009325622 Al 31-12-2009  JP 4727371 B2 20-07-2011
JP 2007096988 A 12-04-2007
KR 20080041289 A 09-05-2008
US 2009325622 Al 31-12-2009
WO 2007037402 Al 05-04-2007
US 2008192666 Al 14-08-2008 US 2008192666 Al 14-08-2008
WO 2008100698 Al 21-08-2008
US 2006040656 Al 23-02-2006  CN 1994010 A 04-07-2007
EP 1782648 Al 09-05-2007
JP 2006060817 A 02-03-2006
US 2006040656 Al 23-02-2006
WO 2006023059 Al 02-03-2006
US 2008113692 Al 15-05-2008  EP 2082587 Al 29-07-2009
US 2008113692 Al 15-05-2008
WO 2008063993 Al 29-05-2008

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




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - wo-search-report
	Page 47 - wo-search-report
	Page 48 - wo-search-report

