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Description
TECHNICAL FIELD

[0001] The presentinventionrelates todigital communications, and, in particular embodiments, to stations and methods
for transmitting data among peer stations in a decentralized manner with high channel efficiency.

BACKGROUND

[0002] The Institute of Electrical and Electronics Engineers (IEEE) Standard 802.11 is a set of media access control
(MAC) and physical layer (PHY) specifications for implementing wireless local area network (LAN) or wireless fidelity
(Wi-Fi) communication in the 2.4, 3.6, 5, and 60 GHz frequency bands. A basic service set (BSS) provides the basic
building-block of an 802.11 wireless LAN. In an infrastructure mode of 802.11, a single access point (AP) together with
all associated stations (STAs) is called a BSS. A station (STA) is also sometimes referred to as a device. Thus, these
two terms are interchangeable. The AP acts as a master to control the STAs within that BSS. The simplest infrastructure
BSS consists of one AP and one STA.

[0003] Currently, three important market trends drive the future evolution of Wi-Fi technology towards proximity-based
device-to-device networking and data exchange. The first trend is the increasing geographic density of Wi-Fi-capable
devices as the Wi-Fi technology continues to penetrate the mobile and consumer electronics markets. Metcalfe’s law
states that the value of a telecommunications network is proportional to the square of the number of compatible com-
municating devices participating in that network. Therefore, a high density of Wi-Fi devices increases the utility of Wi-
Fi based device-to-device networking. The second trend is the growing popularity of social networking applications,
many of which are proximity based, making smartphones, tablets, and other mobile devices the natural choices as the
hardware platforms for these social networking applications. The third trend is the emerging mobile health, smart home,
smart building, Internet of Things (loT), etc., which will increase data traffic among devices in the proximity.

[0004] Although the IEEE 802.11 Standards define an independent BSS (IBSS) mode wherein two or more STAs can
directly communicate with each other without direct intervention from a controlling AP, the IBSS mode doesn’t scale well
when the number of STAs becomes large and it also restricts to a single channel data operation. The IEEE 802.11s
Amendment also defines an architecture and protocol that supports the mesh network. However, an IEEE 802.11s
compliant mesh network requires high power consumption due to un-synchronized beacons and significant signaling
overhead during topology change, making it unsuitable for devices running on battery power or in a high density or non-
stationary environment.

[0005] Aneighborawareness networking (NAN) certification program has been initiated by the Wi-Fi Alliance to provide
IEEE 802.11 technology a low-power mechanism that is executed in the background of compliant devices to make the
compliant devices neighbor aware. NAN, which is based on proximity, does not require the real-time connection to a
Wi-Fi infrastructure, servers, GPS or other geo-location, but instead uses direct device-to-device Wi-Fi to discover and
exchange information. The NAN Release 1 (NAN1) specification has been published by the Wi-Fi Alliance and enables
mobile devices to efficiently discover people and services in their proximity. The Wi-Fi Alliance is currently working on
NAN Release 2 (NAN2) specification by introducing many-to-many data connectivity, along with other enhancement
features such as accurate ranging and privacy protection. It is envisioned that the typical applications for NAN include
Wi-Fi based mobile social networking, mobile commerce, mobile advertising, wireless multi-player gaming, group chat-
ting, etc.

[0006] ZHANG J ET AL: "TMMAC: An Energy Efficient Multi-Channel MAC Protocol for Ad Hoc Networks"
(XP031126220, ISBN: 978-1-4244-0353-0) relates to a method for energy efficient multi-channel MAC protocol of an
ad hoc network. The method divides a certain time into time fixed length beacon intervals comprised of an ATIM window
and a communication window. Therein the time length of the communication window is divided into time slots. The
method schedules each data packet randomly into an available channel and an available time slot.

[0007] SHIH-LIN WU ET AL: "An energy efficient MAC protocol for IEEE 802.11 WLANs" (XP010732725, ISBN:
978-0-7695-2096-4) relates to a data scheduling and switching method providing a transmission table received by each
station. A transmission order is determined by each station summing up the working duration of individual transmitted
data packets. Thus, a station with a minimum of the sum working duration has the first transmission order in the current
transmission table.

[0008] LIU M ET AL: "A power-saving scheduling for IEEE 802.11 mobile ad hoc network" (XP010666138, ISBN:
978-0-7695-2033-9) relates to a power saving scheduling for IEEE802.11 mobile Ad Hoc Network. It uses the broadcast
nature of the wireless medium to enable all stations joining the network to gather scheduling information. Therein a
scheduling order for each station is determined by how many data packets each station transmits. Thus, the station with
a minimum number of data packets has the first transmission order.
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SUMMARY OF THE DISCLOSURE

[0009] The invention is defined by the subject-matter of the independent claims.

[0010] The presentinvention enables a reduction in wake time of receiving stations waiting for transmissions thereby
extending the battery life of such stations.

[0011] Furthermore, the present invention reduces channel contention in transmitting stations, which results in less
wake time for the transmitting stations, as well as reduction in network resource consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] For a more complete understanding of the disclosure, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the accompanying drawing, in which:

Figure 1 illustrates an example communications system;

Figure 2 illustrates an example embodiment of NAN discovery and NAN data link operation;

Figure 3 illustrates an example not covered by the claims but useful for understanding the invention of operations
within a NAN data link (NDL) slot wherein a data transmitting station contends for the channel both when transmitting
a Paging frame and when transmitting the data;

Figure 4 illustrates an example embodiment of enhanced operations within a NAN data link (NDL) slot in accordance
with example embodiments disclosed herein;

Figure 5 illustrates an example embodiment of operations within a transmission opportunity (TXOP) for multicast
data transmission in accordance with example embodiments disclosed herein;

Figure 6 illustrates another example embodiment of enhanced operations within a NDL slot in accordance with
example embodiments disclosed herein;

Figure 7 illustrates yet another example embodiment of enhanced operations within a NDL slot in accordance with
example embodiments disclosed herein;

Figure 8 illustrates an example embodiment of a Paging frame in accordance with example embodiments disclosed
herein;

Figure 9 illustrates a flow diagram of example operations occurring in a data source station in accordance with
example embodiments disclosed herein;

Figure 10 illustrates a flow diagram of example operations occurring in a data sink station in accordance with example
embodiments disclosed herein;

Figure 11 is a block diagram of a processing system that may be used for implementing the devices and methods
disclosed herein;

Figure 12 illustrates a block diagram of an embodiment processing system for performing methods described herein;
and

Figure 13 illustrates a block diagram of a transceiver adapted to transmit and receive signaling over a wireless
telecommunications network in accordance with example embodiments disclosed herein.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0013] The operating of the current example embodiments and the structure thereof are discussed in detail below. It
should be appreciated, however, that the present disclosure provides many applicable inventive concepts that can be
embodied in a wide variety of specific contexts. The specific embodiments discussed are merely illustrative of specific
structures of the embodiments and ways to operate the embodiments disclosed herein, and do not limit the scope of
the disclosure.

[0014] One embodiment relates to systems and methods for data communications among peer stations. For example,
a first station transmits during a paging window, a first frame to page a second station, the first frame including an
identifier associated with the second station, and generates a second frame including first timing information for a first
time period to be subscribed by the first station for transmitting data to the second station, the first time period occurring
after the paging window. When a third frame is received within a pre-specified short interval after transmitting the first
frame, where the third frame acknowledges the first frame, the first station also transmits the second frame within the
pre-specified short interval after receiving the third frame, and transmits the data during the first time period.

[0015] The embodiments will be described with respect to example embodiments in a specific context, namely com-
munications systems that support device to device communications. The embodiments may be applied to standards
compliant communications systems, such as those that are compliant with Third Generation Partnership Project (3GPP),
IEEE 802.11, and the like, technical standards, and non-standards compliant communications systems, that support
device to device communications.
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[0016] Figure 1illustrates afirstexample communications system 100. Communications system 100 includes a plurality
of stations (STAs), suchas STA110,STA 112, STA 114, STA 116, and STA 118. A STA may also be commonly referred
to as a user equipment (UE), a mobile station, a mobile, a user, a subscriber, a terminal, a device, a communications
device, and the like. In communications system 100, a first STA may transmit a frame directly to a second STA without
going through a centralized entity such as an access point. While it is understood that communications systems may
employ any number of STAs, only five STAs are illustrated for simplicity.

[0017] As stated before, one objective that the Wi-Fi Alliance is trying to achieve with the NAN Release 2 (NAN2)
program is to provide proximity based device-to-device data connectivity with low power consumption. Therefore, a
power saving mechanism for channel access during the NAN2 data operation is needed.

[0018] Figure 2 illustrates an example operation 200 of neighbor awareness networking (NAN) discovery and NAN
data link (NDL), wherein a sequence of NAN Discovery Windows (DWs) are used for NAN discovery and a sequence
of NDL Slots are used for NAN data link. In order to enable NAN devices to discover a service or be discovered, a
sequence of NAN Discovery Windows (DWs) with a fixed interval in between, such as DW 210 and DW 220 as shown
in Figure 2, are provisioned on a NAN Discovery Channel 222 using the synchronization mechanism specified in the
Wi-Fi Alliance NAN Release 1 (NAN1) Technical Specification. As an example, the NAN Discovery channel on the
2.4GHz band is the IEEE 802.11-defined Channel 6. A NAN device may contend for the NAN Discovery channel during
a DW for sending a Service Discovery frame (SDF) in order to publish or subscribe a service.

[0019] In order to facilitate power efficient communication between devices, one or more Basic NDL Slots, such as
Basic NDL Slot 230 and Basic NDL Slot 240 as shown in Figure 2, are provisioned on NAN Discovery Channel 222
between two consecutive DWs, where two or more NAN devices may rendezvous. A Basic NDL Slot may be used for
exchanging management messages, such as messages related to group formation, data link setup and parameters
negotiation, allocation of Supplemental NDL Slot(s), channel switch announcement, authentication, security key distri-
bution, association request, association response, de-authentication, de-association, and the like. A Basic NDL Slot
may also be used for exchanging data. Different Basic NDL Slots may be used to serve different services or categories
of services, respectively. Alternatively, one Basic NDL Slot may be used to serve different services or categories of
services. One service may use multiple Basic NDL Slots.

[0020] The time offset from the beginning of the DW to the beginning of the first Basic NDL Slot within the same DW
Interval, e.g., an offset 242, may be algorithmically derived from a parameter, such as a parameter of a NAN cluster, a
NAN data group, a service or a category of services that the Basic DNL Slot supports, or a combination thereof. Therefore,
the parameter may be a NAN cluster identifier (ID), a NAN data group ID, a service name, a hash of a service name, a
service ID, a service category, or a combination thereof. A subsequent Basic NDL Slot serving the same service or
category of services may be a fixed and pre-specified interval later. Alternatively, the time offset from the beginning of
the DW to the beginning of the first Basic NDL Slot within the same DW Interval may be determined by the corresponding
service publisher and announced during the DW when the service publisher is advertising the service. However, it may
be desirable to avoid or to minimize the signaling overhead required to operate a Basic NDL Slot.

[0021] When the allocation of Basic NDL Slot(s) is not sufficient for the data traffic of a particular service or a particular
NAN device participating in the data group, additional Supplemental NDL Slot(s), such as Supplemental NDL Slot 250
and Supplemental NDL Slot 260 in Figure 2, may be provisioned. The Supplemental NDL Slots may be allocated on the
NAN Discovery channel or other Wi-Fi frequency channels (such as Channel X 262 in Figure 2). The messages for
allocating Supplemental NDL Slot(s) may be conveyed using the Basic NDL Slots. This will allow much greater flexibility
for allocating the time and frequency resources for the Supplemental NDL Slots and for negotiating other parameters,
such as access related parameters, security related parameters, and the like, for operating the Supplement NDL Slots.
It may be undesirable to convey the messages for allocating the Supplemental NDL Slot(s) during the DWs, as they
may jam the channel during the DWs and compromise the performance for system synchronization and for service
discovery, which are the two primary purposes of the DWs.

[0022] The design of a combination of Basic NDL Slots, which use a simple allocation scheme with low or no signaling
overhead, and the optional Supplemental NDL Slots, which offer much greater flexibility and are allocated only when
needed, helps to meet the needs of a wide variety of real-world usage scenarios for NAN2 data communications.
[0023] As shown in Figure 2, each Basic NDL Slot (such as Basic NDL Slot 240) and Supplemental NDL Slot (such
as Supplemental NDL Slot 250) has the same structure, which consists of a Paging Window (such as Paging Window
242) and a Data Transmission (Tx) Window (such as Data Transmission Window 244) in that order. In order to save
power, a STA may enter a power saving mode after the DW. However, all STAs wake up during the Paging Windows
of their associated Basic NDL Slot(s), and of their associated Supplemental NDL Slot(s) (if there are any), in order to
transmit or receive a paging message.

[0024] A paging message in a Paging Window is used by a data source STA (i.e., a STA transmitting data) to inform
one or more target data sink STAs (i.e., STAs targeted for receiving the data) of a pending data transmission during a
Data Transmission Window (such as Data Transmission Window 244) immediately following the Paging Window (such
as Paging Window 242). A paging message includes an identifier of each target data sink STA or a group identifier that
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identifies a group of target data sink STAs. If a STA doesn’t receive any paging message targeted for it (or for its group)
during a Paging Window, it may enter a power saving mode at the end of the Paging Window until the next associated
Paging Window (of an associated Basic NDL Slotand/or an associated Supplemental NDL Slot) or the next DW, whichever
comes first, as the STA is not expecting to receive any data during the Data Transmission Window immediately following
the Paging Window (in which it did not receive a paging message targeted for it).

[0025] A STA successfully receiving a Paging frame targeted for it or for its group during a Paging Window may transmit
a Paging Acknowledgement (PA) frame back to the corresponding source STA within a pre-specified short interval (such
as a short inter-frame space (SIFS) defined in the IEEE 802.11 Standards) in the same Paging Window. A source STA
that has sent a Paging frame during a Paging Window but has not received a corresponding PA frame within the pre-
specified short interval may enter a power saving mode at the end of the Paging Window until the next associated Paging
Window (of an associated Basic NDL Slot and/or an associated Supplemental NDL Slot) or the next DW, whichever
comes first, as the source STA may determine that there is no sink STA in the proximity to receive the data, therefore,
that there is no need to transmit the data.

[0026] Figure 3illustrates an example not covered by the claims but useful for understanding the invention of operations
300 occurring during an NDL Slot 301, which may be an example of Basic NDL Slot 230 and Supplemental NDL Slot
250 in Figure 2. Operations 300 may be indicative of operations occurring in one or more STAs as the STAs participate
in direct STA-to-STA communications. As shown in Figure 3, at time TO 360, which marks the beginning of the Paging
Window 309 of the NDL slot 301, a plurality of STAs, such as STA1 302, STA2 304, STA3 306, and STA4 308, wake
up. STA1 302 has a data (such as DATA 340) to be sent to STA2 304 and STA3 306 has a data (such as DATA 350)
to be sent to STA4 308. Thus, STA1 302 generates a Paging frame (such as PAGE 310) including an identifier of STA2
304. Similarly, STA3 306 generates a Paging frame (such as PAGE 320) including an identifier of STA4 308.

[0027] The generation of Paging frames PAGE 310 and PAGE 320 trigger STA1 302 and STA3 306, respectively, to
start a channel contention procedure by initiating a random value on a backoff (BO) timer and detecting if the channel
has been idle for a time period that equals to a distributed inter-frame space (DIFS) as defined in the IEEE 802.11
Standards. At time T1 362, each of STA1 302 and STA3 306 detects that the channel has been idle for a DIFS period
and starts to count down its backoff timer at a constant and pre-specified rate until it detects that the channel becomes
busy or its backoff timer reaches zero, whichever comes first. At time T2 364 in the particular example illustrated in
Figure 3, STA1 302 wins the channel contention by counting its backoff timer down to zero first and transmits PAGE
310. STA3 306 detects that the channel becomes busy and suspends counting down of its backoff timer.

[0028] STA2 304 receives PAGE 310 successfully, and then STA2 304 may transmit a PA frame (such as PA 315)
to STA1 302 after waiting for a short inter-frame interval (SIFS) as defined in the IEEE 802.11 Standards. In order for
STAS3 306 to resume counting down its backoff time, STA3 306 needs to detect that the channel has been idle for a
DIFS period again. STA3 306 can’t resume counting down its backoff timer during the idle period that is between PAGE
310 and PA 315 because a SIFS is shorter than a DIFS. The transmission of PA 315 by STA2 304 resets STA3 306’s
attempt of detecting that the channel has been idle for a DIFS period. STA3 306 has to wait until time T3 366, which is
one DIFS period after the end of PA 315, before it can resume counting down its backoff time. Eventually, at time T4
368, STA3 306 counts down its backoff timer to zero and transmits PAGE 320. STA4 308 receives PAGE 320 successfully,
and then waits for a SIFS period before transmitting a PA frame (such as PA 330) to STA3 306.

[0029] Attime T5 370, which marks the beginning of the Data Transmission Window 332 of the same NDL slot 301,
in order to transmit its data, each of STA1 302 and STA3 306 starts a second channel contention procedure by initiating
a second random value on its backoff timer and detecting if the channel has been idle for a DIFS period. Meanwhile,
STA2 304 and STA4 308 stay awake in order to receive their respective data. At time T6 372, each of STA1 302 and
STAS3 306 detects that the channel has been idle for a DIFS period and starts to counting down its backoff timer. At time
T7 374 in the particular example illustrated in Figure 3, STA1 302 wins the channel contention again and transmits DATA
340. STA3 306 detects that the channel becomes busy and suspends counting down of its backoff timer. STA2 304
receives DATA 340 successfully, and then waits for a SIFS period before transmitting an acknowledgement (ACK) frame
(such as ACK 345) to STA1 302. STA3 306 waits until time T9 378, which is one DIFS period after the end of ACK 345,
before it can resume counting down its backoff time. Eventually, at time T10 380, STA3 306 counts down its backoff
timer to zero and transmits DATA 350. STA4 308 receives DATA 350 successfully, and then STA4 308 may transmit
an acknowledgement frame (such as ACK 355) to STA3 306 after waiting for a SIFS period.

[0030] From the viewpoints of power consumption and channel efficiency, there are several drawbacks present in
operations 300. First, the data source STAs (such as STA1 302 and STA3 306) need to contend for the channel not
only when transmitting the Paging frame, but also when transmitting the data. Contending for the channel is power
consuming fora STA, asthe STAis usually notin a power saving mode when contending for the channel for a transmission.
Therefore, contending for the channel twice causes more power consumption for the source STAs. Furthermore, as for
a data sink STA (such as STA2 304 and STA4 308), which has received a valid Paging frame during the Paging Window,
it has to keep awake after the Paging Window 309 until it receives its data, because it doesn’t know when its corresponding
source STA will gain the channel access through wining the channel contention and start to transmit data. In the example
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illustrated in Figure 3, STA2 304 has to stay awake between T5 370 and T7 374 and STA4 308 has to stay awake
between T5 370 and T10 380, even though there is no data transmission to them during those time intervals. An excessive
waiting period after the Paging Window may waste the battery power for the sink STAs. Secondly, the channel utilization
efficiency (or channel efficiency) during the channel contention is also low due to the random backoff periods used for
avoiding collisions and the DIFS waiting periods before a STA can start or resume its random backoff. In the example
illustrated in Figure 3, the channel is not utilized for transmissions between T5 370 and T7 374 and between T8 376
and T10 380 for these reasons.

[0031] In a high density environment, which is required for NAN2 to be able to scale well, all these matters of low
power efficiency on a data source STA and on a data sink STA, and low channel utilization efficiency will become worse
due to the elevated probability of collisions and the prolonged maximum window size for the random backoff in response
to the elevated collision probability. Under this circumstance, doubling the number of channel contentions by requiring
a data source STA to contend for the channel twice (i.e., when transmitting the paging message and when transmitting
the data) will only make all matters even worse. So, it is desirable for the same data source STA to avoid contending
for the channel for the second time when transmitting the data during the Data Transmission Window.

[0032] According to an example embodiment, a method for allowing a transmitting device to avoid having to contend
for the channel twice is disclosed herein. According to an aspect of the example embodiments, a data source STA may
contend for the channel for transmitting a paging message to one or more data sink STAs during a Paging Window. The
paging message may include one or more identifiers of the data sink STA(s), wherein each identifier may be an individual
identifier or a group identifier. Then, the data source STA may determine if it receives a PA frame within a pre-specified
short interval (such as a SIFS) acknowledging the reception of the paging message. If the data source STA doesn’t
receive the PA frame, the data source STA may consider that the paging message has failed or there is no data sink
STA in the proximity. Therefore, it may abort the attempt of paging and transmitting the data to the data sink STA(s).
Alternatively, the data source STA may re-transmit the paging message at a later time, which requires the data source
STA to perform and to win the channel contention again. If the data source STA receives the PA frame, it may transmit
a Timing frame including the timing information specifying a time period occurring during a Data Transmission Window
immediately following the Paging Window for transmitting a data to the data sink STA(s). After successfully transmitting
the Timing frame, the data source STA may transmit the data to the data sink STA(s) during the specified time period
without the need of contending for the channel for a second time. Furthermore, during the Data Transmission Window,
the data sink STA, having received the paging message, is awake during the specified time period to receive the data.
[0033] Figure 4 illustrates an example embodiment of enhanced operations 400 occurred during an NDL slot 401,
which may be an example of Basic NDL Slot 230 or Supplemental NDL Slot 250 in Figure 2. Operations 400 may be
indicative of operations occurring in one or more STAs as the STAs participate in direct STA-to-STA communications.
As shown in Figure 4, at time TO 460, which marks the beginning of the Paging Window 411 of the NDL slot 401, a
plurality of NAN2 STAs (i.e., 802.11 STAs that are compliant with the Wi-Fi Alliance NAN2 standard), such as STA1
402, STA2 404, STA3 406, and STA4 408, wake up. STA1 402 has a data (such as DATA 430) to be sent to STA2 404
and STA3 406 has a data (such as DATA 440) to be sent to STA4 408. STA1 402 generates a Paging frame (such as
PAGE 410) including an identifier of STA2 404. The identifier is used to identify the STA(s) (such as STA2 404) that
needs to be awake during the specified time period to receive the data (such as DATA 430) and to transmit an Acknowl-
edgement (ACK) frame (such as ACK 435). PAGE 410 may further include a Duration field in the MAC header. The
Duration field in the MAC header of PAGE 410 is set to a value equal to the sum of the durations of a PA frame (such
as PA 412), a Timing frame (such as TIME 414), a Timing Acknowledgement (TA) frame (such as TA 416), and three
SIFSs.

[0034] According to the IEEE 802.11 Standards, a virtual channel sensing (CS) function is provided by the media
access control (MAC) layer of the IEEE 802.11 compliant communications system using a network allocation vector
(NAV). NAV is an indicator, maintained by each Wi-Fi STA and AP, of time periods when transmission onto the wireless
channel is not to be initiated by the STA or AP. Any Wi-Fi STA or AP receiving a valid frame where the value in the
Address 1 field, which is also known as the Receiver Address (RA) field, in the MAC header of the frame is not the MAC
address of the STA or AP should update its NAV with the value received in the Duration field in the MAC header of the
frame. The NAV may be thought of as a counter, which counts down to 0 at a uniform rate. When the counter is 0, the
virtual CS function indicates that the wireless channel is idle; when nonzero, the wireless channel is busy, thus can’t be
accessed.

[0035] Therefore, by setting the Duration field in the MAC header of PAGE 410 to a value equal to the sum of the
durations of a PA frame (such as PA 412), a Timing frame (such as TIME 414), a Timing Acknowledgement (TA) frame
(such as TA 416), and three SIFSs, STA1 402 protects the remaining steps of the paging exchanges that it has initiated,
meaning that, once it wins the channel contention and transmits PAGE 410, it has the right of using the channel to
complete the remaining steps of the paging exchanges, including receiving a PA frame (such as PA 412), transmitting
a Timing frame (such as TIME 414) and receiving a TA frame (such as TA 416).

[0036] Similarly, STA3 406 generates a Paging frame (such as PAGE 420) to be sent to STA4 408. PAGE 420 may
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include a Duration field in the MAC header and an identifier of STA4 408. The Duration field in the MAC header of PAGE
420 is set to a value equal to the sum of durations of frames PA 422, TIME 424, TA 426, and three SIFSs to protect the
remaining steps of the paging exchanges that STA3 406 initiates.

[0037] The generation of Paging frames PAGE 410 and PAGE 420 trigger STA1 402 and STA3 406, respectively, to
start a channel contention procedure by each initiating a random value on its backoff timer and detecting if the channel
has been idle for a DIFS period. At time T1 462, each of STA1 402 and STA3 406 detects that the channel has been
idle for a DIFS period and starts to count down its backoff (BO) timer at a constant and pre-specified rate until it detects
that the channel becomes busy or its backoff timer reaches zero, whichever comes first. At time T2 464 in the particular
example illustrated in Figure 4, STA1 402 wins the channel contention by counting its backoff timer down to zero first
and transmits PAGE 410 (which is acknowledged by PA 412). STA3 406 detects that the channel becomes busy, thus
suspends the counting down of its backoff timer. If STA3 406 is able to further decode PAGE 410 correctly, it may set
its NAV counter to the value in the Duration field in the MAC header of PAGE 410 as explained before. Block 450 in
Figure 4 illustrates the time period during which the NAV counter of STA3 406 has a non-zero value, indicating that the
channel is busy and can’t be accessed.

[0038] A pre-specified short interval (such as a SIFS) after successfully receiving PAGE 410, STA2 404 transmits a
PA frame (such as PA 412) to STA1 402 to acknowledge the reception of PAGE 410. PA 412 may include a Duration
field in the MAC header. The Duration field in the MAC header of PA 412 is set to a value equal to the value in the
Duration field in the MAC header of PAGE 410 (which PA 412 is sent to acknowledge) minus the sum of the durations
of PA 412 and a SIFS. This ensures that the Duration field in PA 412 provides the protection to the same end point of
the paging exchanges as the Duration field in PAGE 410 does. Block 452 in Figure 4 illustrates the time period during
which the NAV counter of STA4 408 has a non-zero value. In Figure 4, the NAV counter of STA4 408 is set by the
Duration field in PA 412, instead of that in PAGE 410, probably because STA4 408 is a hidden node to (meaning it can’t
receive from) STA1 402, but not a hidden node to STA2 404. It should be noted that when a data source STA pages
multiple data sink STAs in a single Paging frame, not every data sink STA being paged has to send a PA frame back.
As an illustrative example, if a data sink STA’s MAC address matches with the MAC address contained in the Receiver
Address (RA) field in the MAC header of a received Paging frame, then this data sink STA is responsible for sending a
PA frame back to the data source STA. Then, the rest of the data sink STAs being paged are not responsible for sending
a PA frame. As another illustrative example, a data source STA may indicate in the Paging frame which data sink STA
is responsible for sending a PA frame back to the data source STA by including an identifier of that data sink STA in a
special field in the Paging frame or by putting the identifier of that data sink STA on the top of a list of identifiers of the
data sink STAs being paged. Then, the rest of the data sink STAs being paged are notresponsible for sending a PA frame.
[0039] A pre-specified shortinterval (such as a SIFS) after successfully receiving PA 412, STA1 402 transmits a Timing
frame (such as TIME 414), the Timing frame including the timing information specifying a time period, referred to as a
transmission opportunity (TXOP) (such as TXOP1 432 occurring between time points T10 480 and T11 482 in Figure
4), occurring during the Data Transmission (Tx) Window immediately following the Paging Window.

[0040] A TXOP (such as TXOP1 432 in Figure 4) is the time interval during which a STA (such as STA1 402) has the
right to initiate frame exchanges onto the channel. Figure 5 illustrates an example embodiment of operations within a
TXOP 500 for multicast data transmission, using very high throughput (VHT) multi-user (MU) PHY protocol data unit
(PPDU). As shown in Figure 5, TXOP 500 includes not only the time required to transmit the data 505 by the data source
STA or AP, but also the time required by one or more data sink STAs to each transmit an acknowledgement (ACK) or
a block ACK (BA) frame such as BA/ACK 510 and BA/ACK 512, plus the time required by the data source STA or AP
to transmit one or more block ACK request (BAR) frames, such as BAR 515 and BAR 517, to one or more data sink
STAs, and plus all the short inter-frame spaces (SIFSs) in between. A TXOP can also be used to transmit a single user
MAC protocol data unit (MPDU) or a multi-destination aggregated MPDU (A-MPDU).

[0041] Referring back to Figure 4, STA1 402 may have estimated the duration of TXOP1 432 based on the amount
of data to be transmitted, a modulation and coding scheme (MCS) to be used for transmitting the data, the time required
for transmitting any ACK, BA, or BAR frame, and any SIFS required in between. STA1 402 may further include a Duration
field in the MAC header of TIME 414. The Duration field in the MAC header of TIME 414 may be set to be equal to the
duration from the end of TIME 414 to the end of TXOP1 432, i.e., the time T11 482 minus the time T4 468.

[0042] Basically, as soon as a data source STA wins the channel contention for transmitting its Paging frame, the data
source STA knows that it is the next in line to transmit a data during the Data Transmission Window, unless the data
source STA aborts the paging as described later. Therefore, it knows the starting time of the TXOP that it wants to
subscribe, e.g., by deriving it from the ending time of the previous TXOP subscribed by another STA. Then, with the
duration of its own TXOP that it has computed, the data source STA can determine the ending time of its TXOP, i.e.,
the ending time of its TXOP equals to the sum of the starting time and the duration of its TXOP. Also, as soon as the
data source STA wins the channel contention for transmitting its Paging frame, the data source STA knows the ending
time for transmitting its anticipated Timing frame. Therefore, the data source STA can compute the Duration value in
the MAC header of its Timing frame to be equal to the ending time of its TXOP minus the ending time of its Timing frame.
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[0043] Thus, by setting the Duration field in the MAC header of TIME 414 to be equal to the duration from the end of
TIME 414 to the end of TXOP1, STA1 402 prevents any non-NAN2 802.11 STAs (i.e., 802.11 STAs that are not compliant
with the Wi-Fi Alliance NAN2 standard) from transmitting during the time period from the end of TIME 414 to the end of
TXOP1, thereby ensuring that STA1 402 can transmit DATA 430 at time T10 480 without the need for contending for
the channel with a non-NAN2 802.11 STA. All other NAN2-compliant STAs (such as STA2 404, STA3 406, and STA4
408) don’t set their respective NAV counters by the Duration value in a Timing frame (such as TIME 414), so that, during
the rest of the Paging Window 411, once they determine the channel has been idle for more than a DIFS period, they
may continue to contend the channel for transmitting their respective Paging frames, based on the operations described
before. It is noted that STA1 402 also prevents other NAN2 data source STAs from using its subscribed TXOP (such
as TXOP1 432) for transmitting data, not by the Duration field in the MAC header of its Timing frame (such as TIME
414), but by advertising the timing information of it subscribed TXOP (such as TXOP1 432), thus eliminating the need
for STA1 402 to contend for the channel with a NAN2 STA when transmitting the data (such as DATA 430).

[0044] According to a first example embodiment, the timing information in a Page frame specifying a TXOP includes
a starting time of the TXOP and the duration of the TXOP. As an example, the timing information in PAGE 410 specifying
TXOP1 includes the starting time of TXOP1 432 (such as T10 480) and the duration of the TXOP1 432.

[0045] Alternatively, according to a second example embodiment, the timing information in a Page frame specifying
a TXOP includes a starting time of the TXOP and an ending time of the TXOP. As an example, the timing information
in PAGE 410 specifying TXOP1 432 includes the starting time of TXOP1 432 (such as T10 480) and the ending time of
TXOP1 432 (such as T11 482), wherein the ending time of the TXOP1 432 is equal to the sum of the starting time and
the duration of TXOP1 432.

[0046] Alternatively, according to a third example embodiment, the timing information in a Page frame specifying a
TXOP includes the duration of the TXOP and a value contained in a Duration field in the MAC header of a Timing frame,
wherein the Duration field is set to a value equal to the duration from the end of the Timing frame to the end of the TXOP.
As an example, the timing information in PAGE 410 specifying TXOP1 432 includes the duration of TXOP1 432 and the
value contained in the Duration field in the MAC header of TIME 414, wherein the Duration field in the MAC header of
TIME 414 is set to a value equal to the duration from the end of TIME 414 to the end of TXOP1 432. Thus, any NAN2
STA (including the target data sink STA and a third-party NAN2 STA) receiving TIME 414 may derive the ending time
of TXOP1 432 from the time when it receives the end of TIME 414 and the value in the Duration field in the MAC header
of TIME 414, i.e., the ending time of TXOP1 432 equals to the sum of the time when the end of TIME 414 is received
and the value in the Duration field in the MAC header of TIME 414. Then, the starting timing of TXOP1 432 may be
derived as the value equal to the ending time of TXOP1 432 minus the duration of TXOP1 432.

[0047] Alternatively, according to a fourth example embodiment, the timing information in a Page frame specifying a
TXOP includes a duration of the TXOP and a value contained in the Duration field field in the MAC header of a Timing
frame, wherein the Duration field in the MAC header of the Timing frame is set to a value equal to a duration from the
end of the Timing frame to the beginning of the TXOP. As an example, the timing information in PAGE 410 specifying
TXOP1 432 may include the duration of TXOP1 432 and the value contained in the Duration field in the MAC header of
TIME 414, wherein the Duration field in the MAC header of TIME 414 is set to a value equal to the duration from the
end of TIME 414 to the beginning of TXOP1 432. Thus, any NAN2 STA receiving TIME 414 may derive the starting time
of TXOP1 432 from the time when it receives the end of TIME 414 and the value in the Duration field in the MAC header
of TIME 414, i.e., the starting time of TXOP1 432 equals to the sum of the time when the end of TIME 414 is received
and the value in the Duration field in the MAC header of TIME 414. Then, the ending timing of TXOP1 432 may be
derived as the value equal to the sum of the starting time of TXOP1 432 and the duration of TXOP1 432.

[0048] The starting time, the ending time, and the duration of a subscribed TXOP may be expressed in the unit of
microsecond, millisecond, or any pre-specified time unit such as a time block. The starting time and the ending time of
all subscribed TXOPs within the same NDL slot may be expressed as a time offset relative to a common timing reference,
such as the beginning of the Paging Window of that NDL slot (such as TO 460 in Figure 4, for example) or the beginning
of the Data Transmission Window of that NDL slot (such as T10 480 in Figure 4, for example). Alternatively, the starting
time and the ending time of a TXOP may be expressed as a time offset relative to the end of the Timing frame that
carries that the starting time and the ending time information.

[0049] A pre-specified short interval (such as a SIFS) after transmitting the PA frame (such as PA 412), if STA2 404
receives a Timing frame (such as TIME 414), STA2 404 stores the timing information of the subscribed TXOP (such as
TXOP1432), which is included in the received Timing frame (such as TIME 414). In the third and the fourth embodiments
as described before, STA2 404 may further perform computations in order to derive the starting time of the subscribed
TXOP (such as TXOP1 432) for receiving a data (such as DATA 430). STA2 404 may also perform computations in
order to convert the explicitly expressed timing information, which may be expressed relative to a common timing
reference (such as the beginning of the Paging Window), into timing information that are relative to a local clock in order
to carry out operations such as transmitting a frame (e.g., the ACK frame) or receiving a frame (e.g., the data).

[0050] A pre-specified short interval (such as a SIFS) after receiving the Timing frame (such as TIME 414), STA2 404
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may further transmit a Timing Acknowledgement (TA) frame (such as TA 416). TA 416 may also include the timing
information of the subscribed TXOP (such as TXOP1 432). Some of the timing information in TA 416 maybe directly
copied from the same timing information in the received TIME 414. For example, in the first and the second embodiments
as described before, if the starting time and ending time of the subscribed TXOP are expressed as a time offset relative
to a common timing reference (such as the beginning of the Paging Window 411 or the beginning of the Data Transmission
Window 431), the starting time and ending time of the subscribed TXOP in TA 416 may be directly copied from those
in the received TIME 414. For another example, in the first, the third, and the fourth embodiments as described before,
the duration of the subscribed TXOP in TA 416 may be directly copied from that in the received TIME 414. Some of the
timing information in TA 416 may be derived from the same timing information in the received TIME 414. For example,
in the first and the second embodiments as described before, if the starting time and ending time of the subscribed TXOP
are expressed as a time offset relative to the end of the frame that carries them (such as TIME 414 and TA 416), the
starting time and ending time of the subscribed TXOP in TA 416 may be computed as the respective values of the
starting time and ending time of the subscribed TXOP in TIME 414 minus the sum of the durations of TA 416 and a
SIFS. This adjustment, which is made by a responding data sink station, such as STA2 404, ensures that both TIME
414 and TA 416 subscribe the same time period in this example. It should be noted that when a data source STA pages
multiple data sink STAs in a single Paging frame, not every data sink STA being paged has to send a TA frame back in
response to receiving the Timing frame. The resolution is similar to the one with the PA frame as described before.
[0051] TA 416 may further include a Duration field in the MAC header. The Duration field in the MAC header in TA
416 may be computed as the value contained in the Duration field in the MAC header in the received TIME 414 minus
the sum of the durations of TA 416 and a SIFS. This ensures that both TIME 414 and TA 416 protects the same time
period from being used by non-NAN2 STAs. And again, all other NAN2 STAs (such as STA1 402, STA3 406, and STA4
408) don't set their respective NAV counters by the Duration value in a TA frame (such as TA 416), so that, during the
rest of the Paging Window, once they determine the channel has been idle for more than a DIFS period, they may
continue to contend for the channel for transmitting their respective Paging frames. Since transmitting PA 412 already
serves as the acknowledgement to the Paging frame and as an indication that the data sink STA will be awake to receive
the data, the main purpose of transmitting TA 416 is to propagate, in the proximity of the data sink STA, the timing
information of the subscribed TXOP (so that more NAN2 STAs may learn the subscribed TXOP thus they may avoid
subscribing the same time period), and to propagate the Duration value in the MAC header (so that more non-NAN2
STAs may set their respective NAV counters to the Duration value). This helps to counter the hidden node problem.
STA1 402 may not be required to receive TA 416 correctly in order to transmit the data (such as DATA 430) at the
subscribed time.

[0052] A pre-specified short interval (such as a SIFS) after transmitting the PA frame (such as PA 412), if STA2 404
doesn’t receive a Timing frame (such as TIME 414), STA2 404 may still consider that its PA frame (such as PA 412)
has been received by the data source STA, and a Timing frame has been transmitted by the data source STA but is lost
in the transmission, rather than considering that the data source STA has aborted the paging, e.g., after failed to receive
the PA frame due to a collision on the PA frame. As a result, STA2 404 may keep awake during the entire Data
Transmission Window 431 to receive the data. This is to ensure that a failure in receiving the Timing frame doesn’t stop
the data sink STA from receiving the data (even without the timing information). In this way, the data sink STA may lose
a little bit of power, if the data source STA has indeed aborted the paging, but not taking the risk of losing the data.
However, in certain implementation, the data sink STA may determine if the data source STA has indeed aborted the
paging, e.g., if the data sink STA hears all the timing information of the subscribed TXOPs by other STAs and determines
that there is no time gap that it doesn’t know of. In this case, the data sink STA may determine that the data source STA
has aborted the paging and then the data sink STA may go to a power saving mode during the Data Transmission
Window 431.

[0053] While waiting for the channel to become idle again, STA3 406 may keep monitoring the Timing frames and TA
frames sent by other NAN2 STAs in order to keep track of the ending time of the last TXOP subscribed by another STA.
At time T5 470, the NAV counter of STA3 406 becomes zero, indicating that the channel is idle. STA3 406 may also
physically detect that the channel becomes idle. At time T6 472, STA3 406 resumes counting down its backoff timer as
the channel has been idle for a DIFS period. Attime T7 474, STA3 306 counts down its backoff timer to zero and transmits
PAGE 420 (which is acknowledged by PA 422). Once STA3 406 wins the channel contention and transmits its Paging
frame (such as PAGE 420), STA3 406 knows that it will be the next STA in line to transmit a data during the Data
Transmission Window. Therefore, STA3 406 knows that the TXOP (such as TXOP2 442 in Figure 4) that it wishes to
subscribe in order to transmit DATA 440 to STA4 408 should start at one pre-specified short interval (such as a SIFS
or a PIFS) after the ending time of the previous TXOP, which is TXOP1 432 in the example illustrated in Figure 4. STA3
406 may also compute the duration of TXOP2 442 based on the same method that STA1 402 used for TXOP1 432, as
described before. Then, from the starting time and the duration of TXOP2 442, STA3 406 may compute the ending time
of TXOP2 442 and the value to be set to a Duration field in the MAC header of an anticipated Timing frame (TIME 424),
in the same way as in TIME 414, as described before. Then, STA3 406 may generate TIME 424, including the Duration
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field in the MAC header containing the computed Duration value and including the timing information of TXOP2 442 in
a frame body of TIME 424.

[0054] Atone pre-specified short interval (such as a SIFS) after receiving PAGE 420, STA4 408 may transmit PA 422
to STA3 406 to acknowledge the reception of PAGE 420 and to indicate that STA4 408 will be ready to receive the data.
At one pre-specified short interval (such as a SIFS) after receiving PA 422, STA3 406 may transmit TIME 424. At one
pre-specified short interval (such as a SIFS) after receiving TIME 424, STA4 408 may transmit TA 426, including the
timing information of the subscribed TXOP2 442, in the same way as in TA 416, as described before.

[0055] Then, at the beginning of TXOP1 432 (T10 480), STA1 402 starts to transmit DATA 430 to STA2 404 without
having to contend for the channel again, because there are no other Wi-Fi STAs (NAN2 or non-NANZ2) that are able to
gain the access to the channel at the moment. A SIFS period after receiving DATA 430, STA2 404 transmits an ac-
knowledgement (ACK) frame (ACK 435) to STA1 402 to acknowledge the reception of DATA 430. At the beginning of
TXOP2 442 (T12 484), STA3 406 starts to transmit DATA 440 to STA4 408 without having to contend for the channel
again. At one SIFS after receiving DATA 440, STA4 408 transmits an ACK frame (ACK 445) to STA3 406 to acknowledge
the reception of DATA 440.

[0056] There may be other IEEE 802.11-compliant Wi-Fi STAs or APs in the proximity that may not be complaint with
the Wi-Fi Alliance defined NAN2 specification. These Wi-Fi STAs or APs may also wish to access the same channel
during the Paging Window 411 or the Data Transmission Window 431 in order to transmit their data. However, due to
the Duration fields in the Timing frames (such as TIME 414 and TIME 424) and the TA frames (such as TA 416 and TA
426),the NAV counters of these non-NAN2 STAs have a non-zero value (indicating the channel is busy) until all subscribed
TXOPs during the Data Transmission Window are over. Therefore, these non-NAN2 STAs will not be able to initiate any
attempts to transmit onto the channel until all subscribed TXOPs are over. In Figure 4, blocks 454, 456, and 458 illustrate
the time period during which the NAV counter of a non-NAN2 STA (STA5 409) has a non-zero value. The NAV counter
of STA5 409 is initially set to a non-zero value after receiving PAGE 410 (block 454). It is extended after receiving TIME
414 (block 456) and is further extended after receiving TIME 424 (block 458).

[0057] By avoidingthe second channel contention for each data source STA, the channel during the Data Transmission
Window in Figure 4 is utilized more efficiently than that in Figure 3. By preventing a non-NAN2 STA from using the Data
Transmission Window until all NAN2 data are transmitted, an NDL slot may be used almost exclusively by NAN2 STAs
unless there is not enough NAN2 data to fill in the NDL slot. The more exclusively that an NDL slot can be used for
NAN2 data, the less number of NDL slots need to be allocated to satisfy the same amount of NAN2 data traffics, thereby
more time (outside the NDL slots) for the NAN2 STAs to enter a power saving mode. As the NAN2 STAs eventually
enter a power saving mode outside the NDL slots and the DWs, non-NAN2 Wi-Fi STAs or APs will sooner or later be
able to contend for the channel in order to transmit their respective data. Therefore, the overall fairness among the NAN2
STAs and non-NAN2 STAs can be maintained by carefully configuring the number and duration of NDL slots.

[0058] Figure 6 illustrates an example embodiment of enhanced operation 600, which is similar to operation 400 as
illustrated in Figure 4, except that STA1 602 doesn’t receive the PA frame (PA 612) at the pre-specified short interval
(such as a SIFS) after transmitting the Paging frame (PAGE 610). As a result, STA1 602 may consider that the Paging
frame (PAGE 610) has failed or there is no target data sink STA in the proximity. Therefore, STA1 402 may abort the
remaining steps of the paging exchanges that it has initiated, such as transmitting the Timing frame (TIME 614) and
receiving the TA frame (TA 616), as well as the pending transmission of DATA 630. Since STA1 602 never transmits
TIME 614 (which was intended to announce the timing information of TXOP3 632, which STA1 602 originally wished to
subscribe in order to transmit Data 630), the subscription of TXOP3 632 never materialized and TXOP3 632 is not known
to other NAN2 STAs. Therefore, the time periods that other NAN2 STAs may wish to subscribe (such as TXOP4 642 to
be subscribed by STA3 606) are not affected by STA1 602’s wining the channel contention. So, a time period of a TXOP
is not subscribed until the acknowledgement to the associated Paging frame is successfully received. This helps to make
the mechanism, by which multiple peer communications stations may subscribe a shared wireless channel for data
transmissions without a centralized control entity, more robust so that conflicting (i.e., overlapping) subscriptions or
unused (therefore wasted) subscriptions may be avoided. In Figure 6, STA3 606 resets its NAV counter (shown as NAV
650) when it detects that the channel remains idle, after receiving the end of PAGE 610, for a duration that equals to
the sum of durations of a PA frame and two SIFSs. This special behavior may only apply to NAN2 STAs. A non-NAN2
STA (such as STA5 609), being non-compliant with the Wi-Fi Alliance defined NAN2 standard, can’t reset its NAV counter
(shown as NAV 654) earlier. Therefore, STA3 606 may be able to resume counting down of its backoff timer earlier than
non-NAN2 STAs, giving it an advantage for winning the channel contention.

[0059] The Duration field in the MAC header in the Timing frames (such as TIME 414, TIME 424, and TIME 624) and
in the TA frames (such as TA 416, TA 426, and TA 626) need to be backward compatible with the Duration field in the
MAC header of the existing frames as defined in IEEE 802.11 Standards, in order to ensure that legacy STAs can
process the Duration field properly. The Duration field in the MAC header of the exiting 802.11 frames can only cover
a time period of up to 32767 microseconds after the end of the frame that carries the Duration field. However, a Data
Transmission Window in an NDL slot may be longer than 32767 microseconds. In that case, the Duration field in the
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MAC header of a Timing frame or TA frame may not be able to cover to the end (or even the beginning) of a subscribed
TXOP if that subscribed TXOP is far away from the Paging Window (e.g., more than 32767 microseconds away from
the end of the Paging Window).

[0060] Figure 7 illustrates an example embodiment of enhanced operation 700, which is similar to operation 400 as
illustrated in Figure 4, except a request to send (RTS) frame and a clear to send (CTS) frame may be also used to protect
a subscribed TXOP. For example, STA3 706 may determine that, after STA1 702 has subscribed TXOP5 732, the time
period that STA3 706 wishes to subscribed (such as TXOP6 742) is too far away from the end of TIME 724 for the
Duration field in the MAC header of TIME 724 to cover. In other words, the TXOP6 742 is more than 32767 microseconds
away from TXOP5 732. Therefore, STA3 706 sets the Duration field in the MAC header of TIME 724 to the maximal
allowed value, which is 32767, and modifies the timing information of TXOP6 742 to further include the exchange of an
RTS frame (e.g., RTS 736) and a CTS frame (e.g., CTS 738) plus two SIFSs into TXOP6 742. The exchange of RTS
736 and CTS 738 occurs before the transmission of DATA 740. The Duration field in the MAC header of RTS 736 is set
to a value that covers to the end of TXOP6. Since the largest amount of data a MDPU can carry in Wi-Fi usually takes
far less than 32767 microseconds to transmit and since RTS 736 is very close to Data 740, the Duration field in the MAC
header of RTS 736 should be able to cover to the end of TXOP6 742 while still being able to compliant with the legacy
design limit. IEEE 802.11 Standards specify a way to disassemble a really large data packet into multiple data MPDUs
and transmitthem using multiple cascaded data frames, wherein a Duration field in the first data frame provides protection
to the end of the second data frame, and a Duration field in the second data frame provides protection to the end of the
third data frame, and so on. Such a technique can be used in the TXOPs described in this disclosure for an extended
(longer than 32767 microseconds) data transmission. In such a situation, a Duration field in an RST frame and a CTS
frame before the first data frame can provide protection to the first data frame, which will include a Duration field to
provide protection to the second data frame, and so on.

[0061] As illustrated in Figure 7, STA3 706 doesn’t need to perform channel contention for transmitting RTS 736 as
it has subscribed TXOP6 742 for transmitting RTS 736, receiving CTS 738, transmitting DATA 740, and receiving ACK
745, as well as a corresponding number of SIFSs. In Figure 7, blocks 754, 756, 758, and 759 illustrate the time period
during which the NAV counter of a non-NAN2 STA (STA5 709) has a non-zero value. The NAV counter of STA5 709 is
initially set to a non-zero value after receiving PAGE 710 (shown as NAV block 754). It is extended after receiving TIME
714 (shown as NAV block 756) and is further extended after receiving TIME 724 (shown as NAV block 758), at which
point, however, it is still short of covering to the end of TXOP6. But after receiving RTS 736, it is further extended to fully
cover TXOP6 742 (shown as NAV block 759).

[0062] Alternatively, an exchange of a Quality of Service (QoS) Null data frame and an ACK control frame (both are
defined in IEEE 802.11 Standards) may be used to replace the exchange of the RTS frame and the CTS frame as shown
in Figure 7.

[0063] Alternatively, an exchange of an RTS frame and a CTS frame (or an exchange of a QoS Null data frame and
an ACK control frame) may be always required before the transmission of the data during the Data Transmission Window,
no matter how far the subscribed TXOP is away from the end of the Timing frame that subscribes the TXOP. The RTS
and CTS frames (or the QoS Null data frame and the ACK control frame), as well as the required SIFS gaps, need to
be budgeted into the computation of the duration of the subscribed TXOP. In this way, even if a non-NAN2 STA wakes
up during the gap between the Timing frame and the TXOP (thus missing the chance to set its NAV counter by the
Duration field in the Timing frame), the non-NAN2 STA will still setits NAV counter by the Duration field in the RTS frame
or the CTS frame (or the QoS Null data frame or the ACK control frame), thus making it unable to access the channel
during the TXOP. In this alternative embodiment, the data source STA still doesn’t need to perform a channel contention
for transmitting the RTS frame (or the QoS Null data frame) since transmitting the RTS frame and receiving the CTS
frame (or transmitting the QoS Null data frame and receiving the ACK control frame) is a part of the subscribed TXOP.
[0064] According to an example embodiment, the Paging frame (such as PAGE 410, PAGE 420, PAGE 610, PAGE
620, PAGE 710, and PAGE 720) may be an announcement traffic indication message (ATIM) frame as defined in the
IEEE 802.11 Standards if there is only one data sink STA to be paged. According to another example embodiment, the
Paging frame (such as PAGE 410, PAGE 420, PAGE 610, PAGE 620, PAGE 710, and PAGE 720) may be a new Paging
frame thatis based on a Vendor Specific Public Action frame as defined in the IEEE 802.11 Standards. Figure 8 illustrates
an example Paging frame 800. As shown in Figure 8, Paging frame 800, which is based on a Vendor Specific Public
Action frame, includes a MAC header 805, a frame body 810, and a frame check sum (FCS) 815. The MAC header 805
includes a Frame Control field 820, a Duration field 822 (as described previously), an Address 1 field 824 (which is also
referred to as the receiver address (RA) field), an Address 2 field 826 (which is also referred to as the transmitter address
(TA) field), an Address 3 field 828, and a Sequence Control field 830. The frame body of Paging frame 800 may include
a Paging Attribute field, which may contain one or a list of identifiers of the STAs being paged, as illustrated in Table 1
shown below.
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Table 1. The Format and Contents of the Frame Body field of Paging frame 800.

Field Name: Size (Octets) Value (Hex) Description:

Category 1 0x04 IEEE 802.11 Public Action Frame

Action Field 1 0x09 IEEE 802.11 Public Action Frame Vendor Specific

Ooul 3 0x50-6F-9A WFA specific OUI

OUI Type 1 0x14 Identifying that the type of the Vendor-Specific Public Action
frame is Paging frame

Paging Variable Variable Containing one or more identifiers of the STAs being paged.

Attribute

[0065] According to an example embodiment, the PA frame (such as PA 412, PA 422, PA 622, PA 712, and PA 722)
may be an ACK control frame as defined in the IEEE 802.11 Standards.

[0066] According to an example embodiment, the Timing frame (such as TIME 414, TIME 424, TIME 624, TIME 714,
and TIME 724) may be a new Timing frame that is based on a Vendor Specific Public Action frame as defined in the
IEEE 802.11 Standards. The Timing frame may have a similar frame format as in Paging frame 800, as illustrated in
Figure 8. The frame body of the Timing frame is shown in Table 2 below.

Table 2. The Format and Contents of the Frame Body field of Timing frame.

Field Name: Size (Octets) Value (Hex) Description:

Category 1 0x04 IEEE 802.11 Public Action Frame

Action Field 1 0x09 IEEE 802.11 Public Action Frame Vendor Specific

Ooul 3 0x50-6F-9A WFA specific OUI

OUI Type 1 0x15 Identifying that the type ofthe Vendor-Specific Public Action
frame is Timing frame.

Timing Attribute Variable Variable Containing the timing information of the subscribed TXOP.

[0067] According to an example embodiment, the TA frame (such as TA 416, TA 426, TA 626, TA 716, and TA 726)
may be a new TA frame that is based on a Vendor Specific Public Action frame as defined in the IEEE 802.11 Standards.
The TA frame may have a similar frame format as in Paging frame 800, as illustrated in Figure 8. The frame body of the
TA frame is shown in Table 3 below.

Table 3. The Format and Contents of the Frame Body field of TA frame.

Field Name: Size (Octets) | Value (Hex) Description:

Category 1 0x04 IEEE 802.11 Public Action Frame

Action Field 1 0x09 IEEE 802.11 Public Action Frame Vendor Specific

Ooul 3 0x50-6F-9A WFA specific OUI

OUI Type 1 0x16 Identifying that the type of the Vendor-Specific Public
Action frame is TA frame.

Timing ACK Attribute | Variable Variable Containing the timing information of the subscribed TXOP.

[0068] In an alternative example embodiment, the Timing frame and the TA frame share the same Vendor Specific
Public Action frame and the same OUI Type value. The Attribute IDs of the Time Attribute and the Timing ACK Attribute
can be used to differentiate which frame is transmitted.

[0069] According to another example embodiment, the Paging frame, the Timing frame, and the TA frame is an IEEE
802.11 defined Extension frame, which includes a Type field in a Frame Control field in the MAC header, the Type field
set to a value of "11".

[0070] Figure 9 illustrates a flow diagram of example operations 900 occurring in a data source station (i.e. a commu-
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nications station having a data to transmit). Operations 900 may be indicative of operations occurring in communications
station such as a NAN2 STA, as the communications station transmits a data.

[0071] Operations 900 begin with the data source station generating a Paging frame to page a data sink station (i.e.,
a communications station receiving a data), to which the data is to be transmitted, the Paging frame including an identifier
of the data sink station (block 910). The data source station initiates a channel contention for transmitting the Paging
frame during a paging window (block 915). The data source station computes the timing information of a first TXOP for
transmitting the data to the data sink station (block 920). The data source station determines if it has won the channel
contention (block 925). If not, the data source station further determines if it has received a Timing frame or a Timing
ACK frame carrying the timing information of a second TXOP, during which a third station wishes to transmit (block 930).
[0072] If the data source station determines that it hasn’t received the Timing frame or the Timing ACK frame in block
930, the data source station may further determine if the paging window has ended (block 940). If the data source station
determines that it has received the Timing frame or the Timing ACK frame in block 930, the data source station modifies
the timing information of the first TXOP such that the first TXOP, as modified, follows the second TXOP in time with a
pre-specified short interval (such as a SIFS) in between (block 935), and then the data source station determines if the
paging window has ended (block 940). If the source station determines that the paging window has ended in block 940
and it has not won the channel contention for transmitting the Paging frame, it determines that it has lost the chance for
transmitting the data in the current cycle and exits from operations 900.

[0073] Ifthe data source station determines that the paging window hasn’t ended in block 940, it goes back to determine
if it has won the channel contention (block 925). If the data source station determines that it has won the channel
contention in block 925, the data source station transmits the Paging frame (block 945). Then, the data source station
determines if it has received a Paging Acknowledgement (ACK) frame acknowledging the reception of the Paging frame
within a pre-specified short interval (such as a SIFS) after transmitting the Paging frame (block 950). If not, the data
source station determines that the Paging frame has failed or there is no data sink station in its proximity. Thus, the data
source station aborts the attempts of both paging the data sink station and transmitting the data to the data sink station.
Then, the data source station exits operations 900.

[0074] If the data source station determines that it has received the Paging ACK frame within the pre-specified time
in block 950, the data source station transmits a Timing frame including the timing information of the first TXOP (block
955). Then, the data source station transmits the data to the sink station during the first TXOP (block 960). Then, the
data source station exits operations 900.

[0075] Figure 10 illustrates a flow diagram of example operations 1000 occurring in a data sink station (i.e. a commu-
nications station receiving a data). Operations 1000 may be indicative of operations occurring in a communications
station such as a NAN2 STA, as the communications station receives a data.

[0076] Operations 1000 begin with the data sink station determining if it has received a Paging frame target for it or
its group during a Paging Window for receiving a data during a Data Window (block 1010). If not, the sink station exits
operation 1000. If the data sink station determines that it has received the Paging frame target for it or its group during
the Paging window in block 1010 (and in the situation where a group of stations have been paged, if the data sink station
is also responsible for sending acknowledgement), the data sink station transmits a Paging ACK frame back a pre-
specified short interval (such as a SIFS) after receiving the Paging frame (block 1020). Then, the sink station determines
if it has received a Timing frame within a pre-specified short interval (such as a SIFS) after transmitting the Paging ACK
frame, the Timing frame including the timing information of a time period, known as a transmission opportunity (TXOP),
for receiving the data (block 1030). If not, the data sink station stays awake during the entire Data Window in order to
receive the data (block 1060). If the data sink station determines that it has received the Timing frame within the pre-
specified time in block 1030 (and in the situation wherein a group of stations have been paged, if the data sink station
is also responsible for sending acknowledgement), it transmits a Timing ACK frame including the timing information of
the TXOP (block 1040). The sink station stores the timing information of the TXOP for receiving the data (block 1050).
Then, the data sink station receives its data during the Data Window (block 1060).

[0077] By knowing the timing information of the subscribed TXOP for transmitting or receiving its data, a NAN2 STA
may further enter a power saving mode within the Data Transmission Window as long as outside the subscribed TXOP.
The NAN2 STA may exit the power saving mode during the subscribed TXOP in order to transmit or receive the data.
[0078] The example embodiments described herein use the Wi-Fi Alliance Neighboring Awareness Network (NAN)
stations merely as example communications stations. The same embodiments can be applied to any peer-to-peer
wireless communications, such as the ones based on Bluetooth (BT), Bluetooth Low Energy (BLE), ZigBee, IEEE
802.15.4, IEEE 802.15.8 (Peer Aware Communications or PAC), the next generation evolution of 802.11/Wi-Fi technol-
ogies, the evolution of IEEE 802.1 Is mesh network, Long Term Evolution (LTE) Device-to-Device (D2D), etc.

[0079] Figure 11 is a block diagram of a processing system 1100 that may be used for implementing the devices and
methods disclosed herein. Specific devices may utilize all of the components shown, or only a subset of the components,
and levels of integration may vary from device to device. Furthermore, a device may contain multiple instances of a
component, such as multiple processing units, processors, memories, transmitters, receivers, etc. The processing system
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may comprise a processing unit 1105 equipped with one or more input/output devices, such as a human interface 1115
(including speaker, microphone, mouse, touchscreen, keypad, keyboard, printer, and the like), display 1110, and so on.
The processing unit may include a central processing unit (CPU) 1120, memory 1125, a mass storage device 1130, a
video adapter 1135, and an I/O interface 1140 connected to a bus 1145.

[0080] The bus may be one or more of any type of several bus architectures including a memory bus or memory
controller, a peripheral bus, video bus, or the like. The CPU may comprise any type of electronic data processor. The
memory may comprise any type of system memory such as static random access memory (SRAM), dynamic random
access memory (DRAM), synchronous DRAM (SDRAM), read-only memory (ROM), a combination thereof, or the like.
In an embodiment, the memory may include ROM for use at boot-up, and DRAM for program and data storage for use
while executing programs.

[0081] The mass storage device may comprise any type of storage device configured to store data, programs, and
other information and to make the data, programs, and other information accessible via the bus. The mass storage
device may comprise, for example, one or more of a solid state drive, hard disk drive, a magnetic disk drive, an optical
disk drive, or the like.

[0082] The video adapter and the I/O interface provide interfaces to couple external input and output devices to the
processing unit. As illustrated, examples of input and output devices include the display coupled to the video adapter
and the mouse/keyboard/printer coupled to the I/O interface. Other devices may be coupled to the processing unit, and
additional or fewer interface cards may be utilized. For example, a serial interface such as Universal Serial Bus (USB)
(not shown) may be used to provide an interface for a printer.

[0083] The processing unit also includes one or more network interfaces 1150, which may comprise wired links, such
as an Ethernet cable or the like, and/or wireless links to access nodes or different networks 1155, such as neighbor
awareness networks (NAN). The network interface allows the processing unit to communicate with remote units via the
networks. For example, the network interface may provide wireless communication via one or more transmitters/transmit
antennas and one or more receivers/receive antennas. In an embodiment, the processing unit is coupled to a local-area
network or a wide-area network for data processing and communications with remote devices, such as other processing
units, the Internet, remote storage facilities, or the like.

[0084] Figure 12 illustrates a block diagram of an embodiment processing system 1200 for performing methods de-
scribed herein, which may be installed in a host device. As shown, the processing system 1200 includes a processor
1204, a memory 1206, and interfaces 1210-1214, which may (or may not) be arranged as shown in Figure 12. The
processor 1204 may be any component or collection of components adapted to perform computations and/or other
processing related tasks, and the memory 1206 may be any component or collection of components adapted to store
programming and/or instructions for execution by the processor 1204. In an embodiment, the memory 1206 includes a
non-transitory computer readable medium. The interfaces 1210, 1212, 1214 may be any component or collection of
components that allow the processing system 1200 to communicate with other devices/components and/or a user. For
example, one or more of the interfaces 1210, 1212, 1214 may be adapted to communicate data, control, or management
messages from the processor 1204 to applications installed on the host device and/or a remote device. As another
example, one or more of the interfaces 1210, 1212, 1214 may be adapted to allow a user or user device (e.g., personal
computer (PC), etc.) to interact/communicate with the processing system 1200. The processing system 1200 may include
additional components not depicted in Figure 12, such as long term storage (e.g., non-volatile memory, etc.).

[0085] In some embodiments, the processing system 1200 is included in a network device that is accessing, or part
otherwise of, a telecommunications network. In one example, the processing system 1200 is in a network-side device
in a wireless or wireline telecommunications network, such as a base station, a relay station, a scheduler, a controller,
agateway, arouter, an applications server, or any other device in the telecommunications network. In other embodiments,
the processing system 1200 is in a user-side device accessing a wireless or wireline telecommunications network, such
as a mobile station, a user equipment (UE), a personal computer (PC), a tablet, a wearable communications device
(e.g., a smartwatch, etc.), or any other device adapted to access a telecommunications network.

[0086] In some embodiments, one or more of the interfaces 1210, 1212, 1214 connects the processing system 1200
to a transceiver adapted to transmit and receive signaling over a wireless telecommunications network. Figure 13
illustrates a block diagram of a transceiver 1300 adapted to transmit and receive signaling over a wireless telecommu-
nications network, such as a neighbor awareness network (NAN). The transceiver 1300 may be installed in a host device.
As shown, the transceiver 1300 comprises a network-side interface 1302, a coupler 1304, a transmitter 1306, a receiver
1308, a signal processor 1310, and a device-side interface 1312. The network-side interface 1302 may include any
component or collection of components adapted to transmit or receive signaling over a wireless or wireline telecommu-
nications network. The coupler 1304 may include any component or collection of components adapted to facilitate
bidirectional communication over the network-side interface 1302. The transmitter 1306 may include any component or
collection of components (e.g., up-converter, power amplifier, etc.) adapted to convert abaseband signal into a modulated
carrier signal suitable for transmission over the network-side interface 1302. The receiver 1308 may include any com-
ponent or collection of components (e.g., down-converter, low noise amplifier, etc.) adapted to convert a carrier signal
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received over the network-side interface 1302 into a baseband signal. The signal processor 1310 may include any
component or collection of components adapted to convert a baseband signal into a data signal suitable for communication
over the device-side interface(s) 1312, or vice-versa. The device-side interface(s) 1312 may include any component or
collection of components adapted to communicate data-signals between the signal processor 1310 and components
within the host device (e.g., the processing system 1200, local area network (LAN) ports, etc.).

[0087] The transceiver 1300 may be a wireless transceiver adapted to communicate in accordance with a wireless
telecommunications protocol, such as a cellular protocol (e.g., long-term evolution (LTE), etc.), a wireless local area
network (WLAN) protocol (e.g., Wi-Fi, etc.), or any other type of wireless protocol (e.g., Bluetooth, near field communi-
cation (NFC), etc.). In such embodiments, the network-side interface 1302 comprises one or more antenna/radiating
elements. For example, the network-side interface 1302 may include a single antenna, multiple separate antennas, or
a multi-antenna array configured for multi-layer communication, e.g., single input multiple output (SIMO), multiple input
single output (MISO), multiple input multiple output (MIMO), etc. Specific processing systems and/or transceivers may
utilize all of the components shown, or only a subset of the components, and levels of integration may vary from device
to device.

[0088] It should be appreciated that one or more steps of the embodiment methods provided herein may be performed
by corresponding units or modules. For example, a signal may be transmitted by a transmitting unit or a transmitting
module. A signal may be received by a receiving unit or a receiving module. A signal may be processed by a processing
unit or a processing module. Other steps may be performed by a generating unit/module, a channel access unit/module,
amodifying unit/module, an adjusting unit/module, a storing unit/module, and a power saving unit/module. The respective
units/modules may be hardware, software, or a combination thereof. For instance, one or more of the units/modules
may be an integrated circuit, such as field programmable gate arrays (FPGAS) or application-specific integrated circuits
(ASICs).

[0089] Advantageous features of embodiments of the invention may include: a method for operating a first station
configured to protect a shared communications channel from a second station, the method includes transmitting, by the
first station during a paging window, a Paging frame including a first Duration field set to a first value equal to a sum of
durations of a Paging Acknowledgement (PA) frame, a Timing frame, a Timing Acknowledgement (TA) frame, and three
short inter-frame intervals (SIFSs), wherein the first value indicates that the shared communications channel is inacces-
sible to the second station for a duration spanning an end of the Paging frame to an end of the TA frame; receiving, by
the first station, the PA frame including a second Duration field containing a second value indicating that the shared
communications channel is inaccessible to the second station for a duration spanning an end of the PA frame to the
end of the TA frame; and transmitting, by the first station, the Timing frame including a third Duration field set to a third
value equal to a lesser of a maximum allowed duration and a duration spanning an end of the Timing frame to an end
of a time period to be subscribed by the first station for transmitting data to a third station, wherein the third value indicates
that the shared communications channel is inaccessible to the second station for the duration of the third value after the
end of the Timing frame, and wherein the time period occurs after the paging window.

[0090] The method could further include, further comprising receiving, by the first station, the TA frame including a
fourth Duration field containing a fourth value indicating that the shared communications channel is inaccessible to the
second station for the duration of the fourth value after the end of the TA frame. The method could further include, further
comprising, prior to transmitting the data, transmitting, by the first station, a request to send (RTS) frame including a fifth
Duration field set to a fifth value equal to a lesser of the maximum allowed duration and a duration spanning an end of
the RTS frame to the end of the time period, wherein the fifth value indicates that the shared communications channel
is inaccessible to the second station for the duration of the fifth value after the end of the RTS frame, and receiving, by
the first station, a clear to send (CTS) frame including a sixth Duration field containing a sixth value indicating that the
shared communications channel is inaccessible to the second station for the duration of the sixth value after an end of
the CTS frame. The method could further include, wherein the first and third stations are compliant with the Institute of
Electrical and Electronic Engineers (IEEE) Standard 802.11 and a neighbor awareness networking (NAN) protocol, and
wherein the second station is compliant with the IEEE Standard 802.11 but not the NAN protocol.

[0091] Although the present disclosure and its advantages have been described in detail, it should be understood that
various changes, substitutions and alterations can be made herein without departing from the scope of the disclosure
as defined by the appended claims.

Claims
1. A method (900) for operating a first station (402, 406) configured to transmit data, the method comprising:

transmitting (945), by the first station during a paging window (411), a first frame (410, 420) to page a second
station (404, 408), the first frame including an identifier associated with the second station;
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generating, by the first station, a second frame (414, 424) including first timing information for a first time period
(432, 442) to be subscribed by the first station for transmitting data to the second station, the first time period
occurring after the paging window; and

when a third frame (412, 422) is received (950) after a pre-specified short interval after transmitting the first
frame, the third frame acknowledging the first frame,

transmitting (955), by the first station, the second frame including the first timing information after the pre-
specified short interval after receiving the third frame, and
transmitting (960), by the first station, the data (430, 440) during the first time period;

characterized by

computing (920) the first timing information, wherein the first timing information includes:

a duration of the first time period and a value in a duration field of the second frame, wherein the value in the
duration field is equal to a duration spanning an end (468, 476) of the second frame and an end (482, 486) of
the first time period, or wherein the value in the duration field is equal to a duration spanning the end (468, 476)
of the second frame and a beginning (480, 484) of the first time period.

The method of claim 1, further comprising:

receiving (930), by the first station, a fourth frame prior to transmitting the first frame, the fourth frame including
second timing information for a second time period to be subscribed by a third station; and

modifying (935), by the first station, the first time period and the first timing information in accordance with the
second timing information, wherein the second time period occurs after the paging window, and wherein the
first time period, as modified, occurs after the second time period.

A method (1000) for operating a station (404, 408) configured to receive data, the method comprising:

receiving (1030), by the station during a paging window (411), a first frame (414, 424) including a first identifier
associated with the station and first timing information for a time period (432, 442) for receiving data, the time
period occurring after the paging window;

storing (1050), by the station, the first timing information;

receiving (1060), by the station, the data (430, 440) during the time period; and

receiving (1031), by the station during the paging window, a third frame (410, 420) prior to receiving the first frame,
the third frame including a second identifier associated with the station; and transmitting (1020), by the station, a
fourth frame (412, 422) to acknowledge the third frame prior to receiving the first frame;

characterized in that

the first timing information includes a duration of the time period and a value in a duration field of the first frame,
wherein the value in the duration field is equal to a duration spanning an end (468, 476) of the first frame and an
end (482, 486) of the time period, or wherein the value in the duration field is equal to a duration spanning the end
(468, 476) of the first frame and a beginning (480, 484) of the time period.

The method of claim 3, further comprising transmitting (1040), by the station, a second frame (416, 426) to acknow!-
edge the first frame, the second frame including second timing information for the time period, wherein the second
timing information comprises the first timing information.

The method of claim 4, further comprising adjusting, by the station, the second timing information in accordance
with a time duration spanning the end of the first frame and an end of the second frame.

A first station adapted for transmitting data comprising:
a processor; and
a computer readable storage medium storing programming for execution by the processor, the programming
including instructions to configure the first station to:
transmit during a paging window, a first frame to page a second station, the first frame including an identifier

associated with the second station,
generate a second frame including first timing information for a first time period to be subscribed by the first
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station for transmitting data to the second station, the first time period occurring after the paging window, and
when a third frame is received after a pre-specified short interval after the first frame is transmitted, the
third frame acknowledging the first frame,

transmit the second frame after the pre-specified short interval after receiving the third frame, and
transmit the data during the first time period;

characterized in that

the programming includes instructions to configure the first station to compute the first timing information including
a duration of the time period and a value in a duration field of the first frame, wherein the value in the duration
field is equal to a duration spanning an end of the first frame and an end of the first time period, or wherein the
value in the duration field is equal to a duration spanning the end of the first frame and a beginning of the first
time period.

7. The first station of claim 6, wherein the programming includes instructions to configure the first station to receive a
fourth frame prior to transmitting the first frame, the fourth frame including second timing information for a second
time period to be subscribed by a third station, and modify the first time period and the first timing information in
accordance with the second timing information, wherein the second time period occurs after the paging window,
and wherein the first time period, as modified, occurs after the second time period.

8. A station adapted for receiving data comprising:

a processor; and
a computer readable storage medium storing programming for execution by the processor, the programming
including instructions to configure the station to:

receive during a paging window, a first frame including a first identifier associated with the station and first
timing information for a time period for receiving data, the time period occurring after the paging window,
store the first timing information, and

receive the data during the time period;

wherein the programming includes instructions to configure the station to, during the paging window and prior
to receiving the first frame, receive a third frame including a second identifier associated with the station and
transmit a fourth frame to acknowledge the third frame;

characterized in that

the first timing information includes a duration of the time period and a value in a duration field of the first frame,
wherein the value in the duration field is equal to a duration spanning the end of the first frame and an end of
the time period, or wherein the value in the duration field is equal to a duration spanning an end of the first frame
and a beginning of the time period.

9. A computer-readable storage medium having a program recorded thereon; wherein the program makes a computer
execute the method of any one of claims 1-5.

Patentanspriiche

1. Verfahren (900) zum Betreiben einer ersten Station (402, 406), die dazu ausgelegt ist, Daten zu Uibertragen, wobei
das Verfahren Folgendes umfasst:

Senden (945), durch die erste Station wahrend eines Paging-Fensters (411), eines ersten Rahmens (410, 420),
um eine zweite Station (404, 408) auszurufen, wobei der erste Rahmen einen mit der zweiten Station verkniipften
|dentifikator aufweist;

Erzeugen, durch die erste Station, eines zweiten Rahmens (414, 424), der erste Zeitinformationen flr einen
ersten Zeitraum (432, 442) enthalt, die von der ersten Station zu subskribieren sind, um Daten zu der zweiten
Station zu senden, wobei der erste Zeitraum nach dem Paging-Fenster auftritt; und

wenn ein dritter Rahmen (412, 422) nach einem vordefinierten kurzen Intervall nach dem Senden des ersten
Rahmens empfangen (950) wird, wobei der dritte Rahmen den ersten Rahmen bestatigt, Senden (955), durch
die erste Station, des zweiten Rahmens, der die ersten Zeitinformationen enthalt, nach dem vordefinierten
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kurzen Intervall nach dem Empfangen des dritten Rahmens, und Senden (960), durch die erste Station, der
Daten (430, 440) wahrend des ersten Zeitraums;

gekennzeichnet durch

Berechnen (920) der ersten Zeitinformationen, wobei die ersten Zeitinformationen Folgendes enthalten:

eine Dauer des ersten Zeitraums und einen Wert in einem Dauerfeld des zweiten Rahmens, wobei der Wert in
dem Dauerfeld gleich einer Dauer ist, die ein Ende (468, 476) des zweiten Rahmens und ein Ende (482, 486)
des ersten Zeitraums umspannt, oder wobei der Wert in dem Dauerfeld gleich einer Dauer ist, die das Ende
(468, 476) des zweiten Rahmens und einen Anfang (480, 484) des ersten Zeitraums umspannt.

2. Verfahren nach Anspruch 1, das ferner Folgendes umfasst:

Empfangen (930), durch die erste Station, eines vierten Rahmens vor dem Senden des ersten Rahmens, wobei
der vierte Rahmen zweite Zeitinformationen fiir einen zweiten Zeitraum enthalt, die durch eine dritte Station zu
subskribieren sind; und

Modifizieren (935), durch die erste Station, des ersten Zeitraums und der ersten Zeitinformationen im Einklang
mit den zweiten Zeitinformationen, wobei der zweite Zeitraum nach dem Paging-Fenster auftritt, und wobei der
erste Zeitraum, wie modifiziert, nach dem zweiten Zeitraum auftritt.

3. Verfahren (1000) zum Betreiben einer Station (404, 408), die dazu ausgelegt ist, Daten zu empfangen, wobei das
Verfahren Folgendes umfasst:

Empfangen (1030), durch die Station wahrend eines Paging-Fensters (411), eines ersten Rahmens (414, 424),
der einen mit der Station verknupften ersten Identifikator und erste Zeitinformationen flr einen Zeitraum (432,
442) zum Empfangen von Daten enthalt, wobei der Zeitraum nach dem Paging-Fenster auftritt;

Speichern (1050), durch die Station, der ersten Zeitinformationen;

Empfangen (1060), durch die Station, der Daten (430, 440) wahrend des Zeitraums; und

Empfangen (1031), durch die Station wahrend des Paging-Fensters, eines dritten Rahmens (410, 420) vor dem
Empfangen des ersten Rahmens, wobei der dritte Rahmen einen mitder Station verknipften zweiten Identifikator
enthalt; und

Senden (1020), durch die Station, eines vierten Rahmens (412, 422), um den dritten Rahmen vor dem Emp-
fangen des ersten Rahmens zu bestatigen;

dadurch gekennzeichnet, dass

die ersten Zeitinformationen eine Dauer des Zeitraums und einen Wert in einem Dauerfeld des ersten Rahmens
enthalten, wobei der Wert in dem Dauerfeld gleich einer Dauer ist, die ein Ende (468, 476) des ersten Rahmens
und ein Ende (482, 486) des Zeitraums umspannt, oder wobei der Wert in dem Dauerfeld gleich einer Dauer
ist, die das Ende (468, 476) des ersten Rahmens und einen Anfang (480, 484) des Zeitraums umspannt.

4. Verfahren nach Anspruch 3, das ferner das Senden (1040), durch die Station, eines zweiten Rahmens (416, 426)
umfasst, um den ersten Rahmen zu bestéatigen, wobei der zweite Rahmen zweite Zeitinformationen fiir den Zeitraum
enthalt, wobei die zweiten Zeitinformationen die ersten Zeitinformationen umfassen.

5. Verfahren nach Anspruch 4, das ferner das Anpassen, durch die Station, der zweiten Zeitinformationen im Einklang
mit einer Zeitdauer umfasst, die das Ende des ersten Rahmens und ein Ende des zweiten Rahmens umspannt.

6. Erste Station, zum Senden von Daten ausgelegt, die Folgendes umfasst:

einen Prozessor; und
ein computerlesbares Speichermedium, das Programmierung zur Ausfiihrung durch den Prozessor speichert,
wobei die Programmierung Anweisungen enthalt, um die erste Station fir Folgendes zu konfigurieren:

Senden, wahrend eines Paging-Fensters, eines ersten Rahmens, um eine zweite Station auszurufen, wobei
der erste Rahmen einen mit der zweiten Station verknipften Identifikator enthalt,

Erzeugen eines zweiten Rahmens, der erste Zeitinformationen flr einen ersten Zeitraum enthalt, die von
der ersten Station zu subskribieren sind, um Daten zu der zweiten Station zu senden, wobei der erste
Zeitraum nach dem Paging-Fenster auftritt, und

wenn ein dritter Rahmen nach einem vordefinierten kurzen Intervall nach dem Senden des ersten Rahmens
empfangen wird und der dritte Rahmen den ersten Rahmen bestatigt,

Senden des zweiten Rahmens nach dem vordefinierten kurzen Intervall nach dem Empfangen des dritten
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Rahmens, und

Senden der Daten wahrend des ersten Zeitraums; dadurch gekennzeichnet, dass die Programmierung
Anweisungen enthalt, die erste Station zu konfigurieren, um die ersten Zeitinformationen zu berechnen,
die eine Dauer des Zeitraums und einen Wert in einem Dauerfeld des ersten Rahmens enthalten, wobei
der Wert in dem Dauerfeld gleich einer Dauer ist, die ein Ende des ersten Rahmens und ein Ende des
ersten Zeitraums umspannt, oder wobei der Wert in dem Dauerfeld gleich einer Dauer ist, die das Ende
des ersten Rahmens und einen Anfang des ersten Zeitraums umspannt.

7. Erste Station nach Anspruch 6, wobei die Programmierung Anweisungen enthalt, die erste Station zu konfigurieren,
um einen vierten Rahmen vor dem Senden des ersten Rahmens zu empfangen, wobei der vierte Rahmen zweite
Zeitinformationen fiir einen zweiten Zeitraum enthalt, die von einer dritten Station zu subskribieren sind, und den
ersten Zeitraum und die ersten Zeitinformationen im Einklang mit den zweiten Zeitinformationen zu modifizieren,
wobei der zweite Zeitraum nach dem Paging-Fenster auftritt, und wobei der erste Zeitraum, wie modifiziert, nach
dem zweiten Zeitraum auftritt.

8. Station, zum empfangen von Daten ausgelegt, die Folgendes umfasst:

einen Prozessor; und
ein computerlesbares Speichermedium, das Programmierung zur Ausfiihrung durch den Prozessor speichert,
wobei die Programmierung Anweisungen enthalt, um die Station fiir Folgendes zu konfigurieren:

Empfangen, wahrend eines Paging-Fensters, eines ersten Rahmens, der einen mit der Station verknUpften
ersten ldentifikator und erste Zeitinformationen fiir einen Zeitraum zum Empfangen von Daten enthalt,
wobei der Zeitraum nach dem Paging-Fenster auftritt,

Speichern der ersten Zeitinformationen, und

Empfangen der Daten wahrend des Zeitraums;

wobei die Programmierung Anweisungen zum Konfigurieren der Station enthalt, um wahrend des Paging-
Fensters und vor dem Empfangen des ersten Rahmens einen dritten Rahmen zu empfangen, der einen
mit der Station verknUpften zweiten Identifikator enthalt, und einen vierten Rahmen zu senden, um den
dritten Rahmen zu bestatigen;

dadurch gekennzeichnet, dass

die ersten Zeitinformationen eine Dauer des Zeitraums und einen Wert in einem Dauerfeld des ersten
Rahmens enthalten, wobei der Wert in dem Dauerfeld gleich einer Dauer ist, die das Ende des ersten
Rahmens und ein Ende des Zeitraums umspannt, oder wobei der Wert in dem Dauerfeld gleich einer Dauer
ist, die ein Ende des ersten Rahmens und einen Anfang des Zeitraums umspannt.

9. Computerlesbares Speichermedium, auf dem ein Programm aufgezeichnet ist, wobei das Programm einen Com-
puter veranlasst, das Verfahren nach einem der Anspriiche 1-5 auszufiihren.

Revendications

1. Procédé (900) pour faire fonctionner une premiére station (402, 406) configurée pour transmettre des données, le
procédé comprenant :

la transmission (945), par la premiére station durant une fenétre de radiomessagerie (411), d'une premiére
trame (410, 420) pour appeler, par radiomessagerie, une deuxiéme station (404, 408), la premiéere trame incluant
un identifiant associé a la deuxiéme station ;

la génération, par la premiére station, d’'une deuxieme trame (414, 424) incluant des premiéres informations
de synchronisation pour une premiére période (432, 442) a laquelle la premiére station doit souscrire pour
transmettre des données a la deuxiéme station, la premiére période arrivant aprés la fenétre de
radiomessagerie ; et

lorsqu’une troisieme trame (412, 422) estregue (950) aprés un court intervalle pré-spécifié aprés la transmission
de la premiére trame, la troisieme trame accusant réception de la premiere trame, la transmission (955), par
la premiére station, de la deuxiéme trame incluant les premieres informations de synchronisation apres le court
intervalle pré-spécifié aprés la réception de la troisieme trame ; et

la transmission (960), par la premiére station, des données (430, 440) durant la premiére période ;
caractérisé par
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le calcul (920) des premieres informations de synchronisation, dans lequel les premiéeres informations de syn-
chronisation incluent :

une durée de la premiére période et une valeur dans un champ de durée de la deuxiéme trame,

dans lequel la valeur dans le champ de durée est égale a une durée couvrant une fin (468, 476) de la
deuxiéme trame et une fin (482, 486) de la premiére période, ou dans lequel la valeur dans le champ de
durée est égale a une durée couvrant la fin (468, 476) de la deuxieme trame et un début (480, 484) de la
premiére période.

2. Procédé selon la revendication 1, comprenant en outre :

la réception (930), par la premiére station, d’'une quatrieme trame avant la transmission de la premiére trame,
la quatrieme trame incluant des secondes informations de synchronisation pour une seconde période a laquelle
une troisiéme station doit souscrire ; et

la modification (935), par la premiére station, de la premiére période et des premiéres informations de synchro-
nisation conformément aux secondes informations de synchronisation, dans lequel la seconde période arrive
apres la fenétre de radiomessagerie, et dans lequel la premiére période, telle que modifiée, arrive aprés la
seconde période.

Procédé (1000) pour faire fonctionner une station (404, 408) configurée pour recevoir des données, le procéde
comprenant :

la réception (1030), par la station durant une fenétre de radiomessagerie (411), d’'une premiere trame (414,
424) incluant un premier identifiant associé a la station et des premiéres informations de synchronisation pour
une période (432, 442) pour la réception de données, la période arrivant apres la fenétre de radiomessagerie ;
le stockage (1050), par la station, des premiéres informations de synchronisation ;

la réception (1060), par la station, des données (430, 440) durant la période ; et

la réception (1031), par la station durant la fenétre de radiomessagerie, d’'une troisieme trame (410, 420) avant
la réception de la premiere trame, la troisieme trame incluant un second identifiant associé a la station ; et

la transmission (1020), par la station, d’'une quatri€me trame (412, 422) pour accuser réception de la troisieme
trame avant la réception de la premiére trame ;

caractérisé en ce que

les premiéeres informations de synchronisation incluent une durée de la période et une valeur dans un champ
de durée de la premiére trame, dans lequel la valeur dans le champ de durée est égale a une durée couvrant
une fin (468, 476) de la premiere trame et une fin (482, 486) de la période, ou dans lequel la valeur dans le
champ de durée est égale a une durée couvrant la fin (468, 476) de la premiére trame et un début (480, 484)
de la période.

4. Procédé selon larevendication 3, comprenant en outre la transmission (1040), par la station, d’'une deuxieme trame
(416, 426) pour accuser réception de la premiére trame, la deuxieme trame incluant des secondes informations de
synchronisation pour la période, dans lequel les secondes informations de synchronisation comprennent les pre-
miéres informations de synchronisation.

5. Procédé selon la revendication 4, comprenant en outre I'ajustement, par la station, des secondes informations de
synchronisation conformément a une durée couvrant la fin de la premiére trame et une fin de la deuxiéme trame.

6. Premiére station adaptée pour transmettre des données, comprenant :

un processeur ; et
un support de stockage lisible par ordinateur stockant une programmation pour I’exécution par le processeur,
la programmation incluant des instructions pour configurer la premiére station pour :

transmettre, durantune fenétre de radiomessagerie, une premiere trame pour appeler, par radiomessagerie,
une deuxieme station, la premiére trame incluant un identifiant associé a la deuxiéme station,

générer une deuxieme trame incluant des premiéeres informations de synchronisation pour une premiére
période a laquelle la premiére station doit souscrire pour transmettre des données a la deuxiéme station,
la premiére période arrivant aprés la fenétre de radiomessagerie, et

lorsqu’une troisieme trame est regue aprés un court intervalle pré-spécifié aprés que la premiére trame est
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transmise, la troisieme trame accusant réception de la premiéere trame,

transmettre la deuxiéme trame aprés le court intervalle pré-spécifié aprés la réception de la troisiéme trame,
et

transmettre les données durant la premiére période ;

caractérisé en ce que

la programmation inclut des instructions pour configurer la premiere station pour calculer les premiéres
informations de synchronisation incluant une durée de la période et une valeur dans un champ de durée
de la premiere trame, dans lequel la valeur dans le champ de durée est égale a une durée couvrant une
fin de la premiére trame et une fin de la premiere période, ou dans lequel la valeur dans le champ de durée
est égale a une durée couvrant la fin de la premiére trame et un début de la premiéere période.

7. Premiere station selon la revendication 6, dans lequel la programmation inclut des instructions pour configurer la
premiére station pour recevoir une quatrieme trame avant de transmettre la premiére trame, la quatrieme trame
incluant des secondes informations de synchronisation pour une seconde période a laquelle une troisieme station
doit souscrire, et modifier la premiéere période et les premieres informations de synchronisation conformément aux
secondes informations de synchronisation, dans lequel la seconde période arrive apres la fenétre de radiomessa-
gerie, et dans lequel la premiére période, telle que modifiée, arrive apres la seconde période.

8. Station adaptée pour recevoir des données, comprenant :

un processeur ; et
un support de stockage lisible par ordinateur stockant une programmation pour I'exécution par le processeur,
la programmation incluant des instructions pour configurer la station pour :

recevoir, durant une fenétre de radiomessagerie, une premiere trame incluant un premier identifiant associé
ala station et des premiéres informations de synchronisation pour une période pour la réception de données,
la période arrivant aprés la fenétre de radiomessagerie,

stocker les premiéres informations de synchronisation, et

recevoir les données durant la période ;

dans laquelle la programmation inclut des instructions pour configurer la station pour, durant la fenétre de
radiomessagerie et avant de recevoir la premiére trame, recevoir une troisi€me trame incluant un second
identifiant associé a la station et transmettre une quatrieme trame pour accuser réception de la troisieme
trame ;

caractérisé en ce que

les premieres informations de synchronisation incluent une durée de la période et une valeur dans un
champ de durée de la premiéere trame, dans laquelle la valeur dans le champ de durée est égale a une
durée couvrant la fin de la premiére trame et une fin de la période, ou dans laquelle la valeur dans le champ
de durée est égale a une durée couvrant une fin de la premiéere trame et un début de la période.

9. Support de stockage lisible par ordinateur ayant un programme enregistré sur celui-ci ; dans lequel le programme
fait en sorte qu’un ordinateur réalise le procédé selon I'une quelconque des revendications 1 a 5.
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