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System and Method for Allocating Periodic Resources

[0001] This application claims the benefit of Non-U.S. Provisional Application No. 13/925,365,
filed on June 24, 2013, entitled “System and Method for Allocating Periodic Resources,” which
claims the benefit of U.S. Provisional Application No. 61/664,455, filed on June 26, 2012, entitled
“System and Method for Periodic Resource Allocation,” both of which application are hereby

incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates generally to digital communications, and more

particularly to a system and method for allocating periodic resources.

BACKGROUND

[0003] Currently, Task Group ah (TGah) of the IEEE 802.11 technical standards is operating on
defining the local area network protocol, to be referred to as 802.11ah, with specific focus on sub 1
GHz carrier frequencies. Main requirements of TGah include a larger coverage area of up to 1
kilometer (km), a physical (PHY) layer data rate of at least 100 kilo bits per second (kbps), a
maximum aggregate multi-station data rate of 20 mega bits per second (Mbps), the use of
orthogonal frequency division multiplexing (OFDM) PHY modulation, and support for more than
2007 associations. However, overhead is a critical issue for 802.11ah. The PHY of 802.11ah uses a
10 times slower clock than the normal 802.11 protocol. Hence, each symbol is 10 times longer than

in the normal 802.11 protocol. Efficiency of the protocol is thus important for 802.11ah.
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SUMMARY OF THE DISCLOSURE

[0004] Example embodiments of the present disclosure which provide a system and method for

allocating periodic resources.

[0005] In accordance with an example embodiment of the present disclosure, a method for
operating an access point is provided. The method includes reserving, by the access point, resources
for a periodic group resource, and broadcasting, by the access point, reservation information for the
periodic group resource. The method also includes assigning, by the access point, a resource in the
periodic resource to a first station; and transmitting, by the access point, information about the
resource in the periodic group resource assigned to the first station to the first station, wherein the
transmitting occurs during one of an association procedure with the first station and a
reconfiguration of a resource assignment for the first station. The method further includes
exchanging, by the access point, data with the first station during the resource in the periodic group

resource assigned to the first station.

[0006] In accordance with another example embodiment of the present disclosure, a method for
operating a station is provided. The method includes receiving, by the station, reservation
information for a periodic group resource, and receiving, by the station, a list of allowed stations
permitted to utilize an access window. The method also includes determining, by the station, if the
station is in the list of allowed stations permitted to utilize the access window, exchanging, by the
station, data with an access point within the access window if the station is in the list of allowed
stations permitted to utilize the access window, and exchanging, by the station, data with the access
point using a resource not reserved for the periodic group resource and not in the access window if

the station is not in the list of allowed stations.

[0007] In accordance with another example embodiment of the present disclosure, an access
point is provided. The access point includes a transmitter, and a processor operatively coupled to the
transmitter. The transmitter broadcasts reservation information for a periodic group resource, and
transmits information about a resource in the periodic group resource allocated to a first station to
the first station, wherein the transmitting occurs during one of an association procedure with the first
station and a reconfiguration of a resource assignment for the first station. The processor assigns the
resource in the periodic resource to the first station, and exchanges data with the first station during

the resource in the periodic group resource allocated to the first station.
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[0008] In accordance with another example embodiment of the present disclosure, a station is
provided. The station includes a receiver, and a processor operatively coupled to the receiver. The
receiver receives reservation information for a periodic group resource, and receives a list of
allowed stations permitted to utilize an access window. The processor determines if the station is in
the list of allowed stations permitted to utilize the access window, exchanges data with an access
point within the access window if the station is in the list of allowed stations permitted to utilize the
access window, and exchanges data with the access point using a resource not reserved for the
periodic group resource and not in the access window if the station is not in the list of allowed

stations.

[0009] In accordance with another example embodiment of the present disclosure, a method for
operating an access point is provided. The method includes reserving, by the access point, resources
of a communications channel for a periodic restricted access window, and periodically broadcasting,
by the access point, one of a Beacon frame, a short Beacon frame, and a Probe Response frame
including reservation information about the periodic restricted access window. The method also
includes transmitting, by the access point, a management frame to a first station during one of an
association procedure and a rescheduling of a resource assignment to the first station, the
management frame including information about a resource in the periodic restricted access window
assigned to the first station, and exchanging, by the access point, data with the first station during

the resource in the periodic restricted access window assigned to the first station.

[0010] One advantage of an embodiment is that long sleep stations do not need to periodically

wake up to listen for resource allocations, thereby extending their battery life.

[0011] A further advantage of an embodiment is that regular stations are informed regarding

resources allocated to the long sleep stations, so packet collisions are reduced.
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BRIEF DESCRIPTION OF THE DRAWINGS

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

drawing, in which:

[0013] Figure 1 illustrates an example communications system according to example

embodiments described herein;

[0014] Figure 2 illustrates an example diagram of a beacon interval highlighting a RAW

according to example embodiments described herein;

[0015] Figure 3 illustrates an example diagram highlighting PRAW and RAW coexistence

according to example embodiments described herein;

[0016] Figure 4 illustrates an example diagram highlighting channel access by a long sleep

station according to example embodiments described herein;

[0017] Figure 5 illustrates an example PRAW allocation message according to example

embodiments described herein;

[0018] Figure 6 illustrates an example flow diagram of operations occurring in an access point
as the access point exchanges data with a station using a PRAW according to example embodiments

described herein;

[0019] Figure 7 illustrates an example flow diagram of operations occurring in a regular station
operating in a communications system with support for both PRAWs and RAWs according to

example embodiments described herein;

[0020] Figure 8 illustrates an example first communications device according to example

embodiments described herein; and

[0021] Figure 9 illustrates an example second communications device according to example

embodiments described herein.
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0022] 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 disclosure and

ways to operate the disclosure, and do not limit the scope of the disclosure.

[0023] One embodiment of the disclosure relates to allocating periodic resources. For example,
an access point broadcasts reservation information for a periodic group resource, and assigns a
resource in the periodic resource to a first station. The access point also transmits information about
the resource in the periodic group resource assigned to the first station to the first station, wherein
the transmitting occurs during one of an association procedure with the first station and a
reconfiguration of a resource assignment for the first station, and exchanges data with the first

station during the resource in the periodic group resource assigned to the first station.

[0024] As another example, a station receives information for a periodic group resource, and
receives a list of allowed stations permitted to utilize an access window. The station also determines
if the station is in the list of allowed stations permitted to utilize the access window, and exchanges
data with an access point within the access window if the station is in the list of allowed stations
permitted to utilize the access window, and exchanges data with the access point using a resource
not reserved for the periodic group resource and not in the access window if the station is not in the

list of allowed stations.

[0025] The present disclosure will be described with respect to example embodiments in a
specific context, an IEEE 802.11 TGah compliant communications system that supports resource
allocations for both regular stations and long sleep stations. The disclosure may also be applied,
however, to other standards compliant, such as The Third Generation Partnership Project (3GPP) or
other 802.11 technical standards, and non-standards communications systems that support resource

allocations for regular stations and long sleep stations.

[0026] Figure 1 illustrates a communications system 100. It is noted that communications
system 100 may also be referred to as a wireless LAN (WL AN) basic service set (BSS).
Communications system 100 includes an access point (AP) 105, an example of a communications

controller, serving a plurality of stations (an example of communications devices). The plurality of
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stations may include typical stations, such as stations 110 through 114, and may include personal
computers, laptops, tablets, multi-media servers, and the like. The plurality of stations may also
include offloading stations, such as offloading stations 120 through 124, and may include stations
that typically access services through other access networks. Examples offloading stations include
cellular telephones, user equipment, and the like. The plurality of stations may also include sensors,
such as sensors 130 through 134. In general, sensors are used to gather information, such as weather
information, security information, position information, health information, safety information,
performance information, and the like. The sensors may transmit the information through access
point 105 to a server or an information aggregator. The sensors may also aggregate the information
prior to transmitting the information. Some of the stations, such as the sensors, may be low duty
cycle stations, spending a majority of their time in a reduced power state and communicating only
sporadically with access point 105. The low duty cycle stations may be termed long sleep stations
(LSS).

[0027] While it is understood that communications systems may employ multiple access points
capable of communicating with a number of stations, only a limited number of access points and

stations are illustrated for simplicity.

[0028] The concept of a restricted access window (RAW) is proposed in IEEE 802.11 TGah to
save power in stations and to increase communications channel efficiency. Figure 2 illustrates a
diagram of a beacon interval 200 highlighting a RAW. Beacon interval 200 comprises a span of
resources between a first (short) beacon frame 205 and a second (short) beacon frame 207. It is
noted that a beacon interval may also comprise a span of resources between two consecutive (short)
beacon frames, e.g., between two consecutive short beacon frames, between a short beacon frame
and a beacon frame, between a beacon frame and a short beacon frame, and the like. In general, the
term (short) beacon may be used to refer to either a beacon or a short beacon. However, in situations
when the use of the term (short) beacon leads to ambiguity, either beacon or short beacon will be
used to resolve ambiguities. Within beacon interval 200 there may be defined one or more RAWs,
such as RAW 210, with a finite duration. The RAWs in a beacon interval may have the same
duration or may have different durations. Each RAW may be divided into a plurality of time slots.
As an example, RAW 210 may be divided into six slots, such as slot 215. Typically, the slots within
a single RAW have equal duration. However, slots within different RAWSs may have different

durations.
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[0029] Generally, a station wakes up at a target beacon transmission time (TBTT) and listens
for a (short) beacon frame that includes an indication of a slot duration for each RAW within a
corresponding beacon interval. The station may determine its assigned slot, which is assigned by an
access point serving the station. After determining its assigned slot, the station may return to its
reduced power state (such as a sleep state) only to awaken prior to its assigned slot. The station may
access the communications channel at the slot boundary of its assigned slot utilizing an enhanced
distributed channel access (EDCA) technique. It is noted that the EDCA technique is beyond the

scope of the example embodiments and will not be discussed further herein.

[0030] Generally, an access point may allocate a RAW at each beacon interval and transmit
information regarding the RAW to its station in a (short) beacon frame transmitted at the beginning
of the beacon interval. Additionally, the number and/or size of the RAWSs per beacon interval may
change. Therefore, the stations of the access point need to receive the (short) beacon frames to
locate the RAW(s) within each beacon interval. For stations that have very short duty cycles, i.e.,
stations that sleep for an extended period of time and only wake up occasionally to exchange data,
the constant need to wake and receive (short) beacon frames can dramatically increase their power
consumption and therefore, shorten their battery life. These stations may be referred to hereinafter as
long sleep stations (LSS). Examples of LSS may include sensors and some of the battery powered

stations. Stations that do not have short duty cycles may be referred to as regular stations.

[0031] A technique for allocating resources to long sleep stations is to allocate a designated
time slot(s) to a long sleep station that may be used for data exchanges involving the long sleep
station when the long sleep station associates with the access point. It is noted that the resource
allocation is a long term resource allocation and the long sleep station may not need to listen to the
(short) beacon frames because it already knows its resource allocation. With a long term resource
allocation, indicating the resource allocation in (short) beacon frames may not be efficient since the
long sleep stations are not likely to be listening to the (short) beacon frames. However, since the
resources may be shared by every station, if the resource allocations are not indicated in the (short)
beacon frames, packet collisions between long sleep stations (which know about the resource

allocations) and regular stations (which do not know about the resource allocations) may occur.

[0032] According to an example embodiment, it may not be necessary for regular stations to
know actual resource assignments for the long sleep stations as long as the regular stations know

that a resource has been assigned to a long sleep station and that the regular stations should not
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utilize the resource. In other words, a regular station does not need to know the identity of a long
sleep station that has been assigned to use a resource, it simply needs to know that the resource has

been allocated to a long sleep station.

[0033] According to an example embodiment, a periodic restricted access window (PRAW) is
provided. Information regarding resources assigned to a PRAW may be broadcasted once in a long
while, for example, once per beacon frame. Since a PRAW is periodic by definition, there is no need
to broadcast information regarding resources assigned to the PRAW before each instance of the
PRAW, i.e, at every (short) beacon frame. Instead, the information regarding resources assigned to
the PRAW may need to be broadcast as few times, such as when the PRAW is initiated and/or when
changes are made to the PRAW. However, since regular stations constantly enter and/or leave a
communications system, a more regular broadcast of the information regarding resources assigned
to the PRAW may help to ensure that the regular stations are informed about the resources assigned
to the PRAW.

[0034] An actual assignment of a slot in a PRAW to a long sleep station may be indicated to the
long sleep station during a management procedure, such as during an association procedure, a
reassociation procedure, a probe procedure, and the like. In general, a management procedure may
be defined as an exchange of management frames, such as probe request frames, probe response
frames, association request frames, association response frames, authentication frames,
deauthentication frames, reassociation request frames, reassociation response frames, disassociation
frames, beacon frames, public action frames (e.g., generic advertisement service (GAS) initial
request frames, GAS initial response frames, GAS comeback request frames, and GAS comeback

response frames), and the like.

[0035] Since every station served by the access point knows about the PRAW (either through
the information regarding resources assigned to the PRAW broadcast by the access point or through
an actual assignment made using a management procedure), the stations may not access the PRAW
unless it is allowed to do so by the access point even if the assignments of the resources of the

PRAW are not broadcast at every short beacon interval.

[0036] According to an example embodiment, periodic resources within a beacon duration (an
interval between two consecutive beacon frames) may be allocated to long sleep stations. Such an
allocation may help to provide uplink and/or downlink packet transmissions with higher

communications channel efficiency, less signaling overhead, as well as lower power consumption.
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Furthermore, a hidden node problem for packet transmission where one station may not be able to
detect transmissions made by another station may be avoided. Additionally, devices with wide
ranging capability, such as smart phones, tablets, sensors, printers, displays, and the like, may be

capable of implementing the example embodiments.

[0037] Figure 3 illustrates a diagram 300 highlighting PRAW and RAW coexistence. As shown
in Figure 3, a beacon interval 302 spans a first beacon frame 305 and a second beacon frame 307.
First beacon frame 305 includes information regarding resources assigned to a PRAW with period
equal to a short beacon interval, illustrated as PRAW 310, PRAW 312, PRAW 314, and PRAW 316.
It is noted that the PRAWSs have the same duration. It is also noted that the PRAW shown in Figure
3 are intended as an example of PRAWSs and that other PRAW configurations are possible. As an
example, a PRAW may be configured with a period equal to two short beacon intervals. If such a
configuration was used and with PRAW 310 being an initial PRAW, then PRAW 312 and PRAW
316 would be non-existent. It is further noted that multiple PRAWs may be defined and the
illustration and discussion of a single PRAW should not be construed as being limiting to the scope

or the spirit of the example embodiments.

[0038] First beacon frame 305 also includes information regarding resources assigned to RAW
330. As shown in Figure 3, beacon interval 302 spans 4 short beacon intervals and other short
beacon frames, such as short beacon frame 320, short beacon frame 322, and short beacon frame
324 include information regarding resources assigned to RAW 332, RAW 334, and RAW 336. It is
noted that since the RAWs are individually defined by information carried in a respective short
beacon frame (or beacon frame), the RAWs may have different durations, number of slots, slot
duration, and the like. It is also noted that the access point allocates resources to the RAWs that are

not part of the PRAW.

[0039] It 1s noted that the information regarding resources assigned to a PRAW being broadcast
in beacon frames is an illustrative example for discussion purposes. The information regarding
resources assigned to a PRAW may be broadcast in other messages and/or with different
periodicities. As an example, the information regarding resources assigned to a PRAW may be
broadcast in every second beacon frame, every third beacon frame, every N short beacon frames,

where N is an integer number generally greater than 1, and the like.

[0040] Figure 4 illustrates a diagram 400 highlighting channel access by a long sleep station.
As shown in Figure 4, an access point has assigned some resources to a PRAW with period equal to
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a beacon interval. A first trace 405 illustrates (short) beacons, PRAW and RAW resources, a second
trace 410 illustrates state of the long sleep station, and a third trace 412 illustrates state of a regular
station. For discussion purposes, consider a situation where the long sleep station has been assigned
a resource in PRAW 415. At a time corresponding to the resource in PRAW 415 (or slightly before
the time), the long sleep station may wake up from a reduced power state (the reduced power state is
shown as a dashed line and the wake up state is shown as a thick line) and access the
communications channel (shown as block 425). For the regular station, it wakes up at every (short)
beacon frame, i.e., both short beacon frames and beacon frames, to determine if it is allowed to
exchange data in a RAW defined from resources in the beacon interval (the reduced power state is

shown as a dashed line and the wake up state is shown as a thick line).

[0041] Figure 5 illustrates an example PRAW allocation message S00. PRAW allocation
message 500 may be included in a beacon frame or a management frame as an information element,
for example. PRAW allocation message 500 may include an element identifier (“element ID”) field
505 which identifies the type of message. A length field 510 may specify a length of PRAW
allocation message 500 and a PRAW parameter set 515 specifies a PRAW. It is noted that PRAW
allocation message 500 may specify multiple PRAWSs. In such a situation, PRAW allocation
message 500 may include multiple PRAW parameter sets with each PRAW parameter set specifying
a single PRAW.

[0042] PRAW parameter set S00 may include a PRAW duration field 520 specifying a duration
of the PRAW in each interval, in a number of milliseconds or a number of slots, for example. A
PRAW period field 525 specifying a period of the PRAW occurrences, and a PRAW offset field 530
specifying an offset, which may be a time to a first PRAW. PRAW parameter set 500 may include
an allowed user group field 535 specifying which stations have access to the PRAW, a slot
definition field 540 specifying slot parameters such as slot duration, number of slots, and the like,
and a cross-slot boundary transmission field 545 specifying whether or not cross-slot boundary

transmissions are permitted.

[0043] According to an example embodiment, the PRAW allocation can be broadcasted in
every beacon period or at the time of (re)association, by using the Association Response,
Reassociation Response, Probe Response frames, and the like For each long sleep station, specific
slot allocation within the PRAW can be assigned during (re)association, for example. The PRAW

allocation may not need to be broadcast at each short beacon frame. At each (short) beacon period,

-10-
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the access point may allocate a RAW(s) outside of the allocated PRAW resource. Those stations
that do not have the access to the PRAW are not allowed to access resources of the PRAW, even
though PRAW is not indicated at short beacon frames. Within PRAW, EDC A-based operation can
be used for each allowed station to access the channel during the PRAW. PRAW allocation updates

can be indicated in beacon frame transmitted by the access point.

[0044] When PRAW allocation update or modification is needed, the access point can indicate
at every short beacon frame that beacon information has been updated. Increasing the “Change
counter” in the short beacon is one option for indicating this event, for example. As an illustrative
example, if the “Change counter” in the short beacon is increased, each station listens to the beacon
frame or sends an inquiry message to the access point to check the updated information regarding
the PRAW.

[0045] Figure 6 illustrates a flow diagram of operations 600 occurring in an access point as the
access point exchanges data with a station using a PRAW. Operations 600 may be indicative of
operations occurring in an access point, such as access point 105, as the access point exchanges data

with a station using a PRAW.

[0046] Operations 600 may begin with the access point reserving (or altering an existing
reservation of) resources for a PRAW (block 605). The reservation of resources for the PRAW may
also include specifying parameters of the PRAW. As an example, the access point may specify a
duration of the PRAW, a number of slots in the PRAW, a time to the PRAW, which stations have
access to the PRAW, and the like. It is noted that a duration of the PRAW, a number of slots in the
PRAW, a time to the PRAW, which stations have access to the PRAW, and the like, may be
examples of PRAW parameters. The access point may broadcast information about the PRAW
reservation (block 610). The information about the PRAW reservation may include a number of
slots in the PRAW, as well as a duration of each slot. The information about the PRAW reservation
may also include information about stations that are allowed access to the PRAW. As an example,
the information about the PRAW reservation may include one or more of a group identifier of the
periodic restricted access window, a start time of the periodic restricted access window, a duration
of the periodic restricted access window, a periodicity of the periodic restricted access window, and
a start offset of the periodic restricted access window. The access point may broadcast the
information in a beacon frame, for example. Alternatively, the access point may send the

information in a management frame (of which a beacon frame is an example and other examples of
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management frames include probe request frames, probe response frames, association request
frames, association response frames, authentication frames, deauthentication frames, reassociation
request frames, reassociation response frames, disassociation frames, public action frames (e.g.,
generic advertisement service (GAS) initial request frames, GAS initial response frames, GAS
comeback request frames, and GAS comeback response frames), and the like) or broadcast the

information once in every N beacon frames, where N is an integer number generally greater than 1.

[0047] The access point may perform a check to determine if it is participating in a
management process with a station (block 615). As discussed previously, a management process
may involve the exchange of management frames with the station. Examples of management frames
may include probe request frames, probe response frames, association request frames, association
response frames, authentication frames, deauthentication frames, reassociation request frames,
reassociation response frames, disassociation frames, beacon frames, public action frames (e.g.,
generic advertisement service (GAS) initial request frames, GAS initial response frames, GAS

comeback request frames, and GAS comeback response frames), and the like.

[0048] If the access point is participating in a management process with the station, the access
point may assign a resource(s) in the PRAW to the station (block 620). It is noted that the
assignment of the resource(s) of the PRAW to the station may depend on the type of the station. As
an example, the assignment may take place only if the station is a long sleep station. Otherwise, the
access point may assign a resource in a RAW to the station. Alternatively, the access point may
adjust an existing assignment to the station. The access point may transmit information about the
assigned resource(s) of the PRAW to the station (block 625). The information about the assigned
resource(s) may be included in a management frame transmitted to the station. The information
about the assigned resource(s) may include a start time of the assigned resource(s), a duration of the
assigned resource(s), and a period of the assigned resource(s). The management frame transmitted
by the access point may also include the information about the PRAW reservation. The access point
may exchange data with the station at the assigned resource(s) of the PRAW (block 630). If the
access point is not participating in a management process with the station, operations 600 may

terminate.

[0049] With respect to access point operation, considering the traffic amount from long sleep
stations, an access point may once in a while allocate and/or reallocate periodic resource(s) for long

sleep stations and indicate the resource allocation as PRAW allocation. The access point may
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allocate a long sleep station a resource within the PRAW. Specific resource allocation for each
individual long sleep station within the PRAW can be indicated separately when a long sleep station
associates or when resource allocation modification occurs. The access point may include PRAW
allocation information in the beacon frame and may not include the PRAW allocation information in
the short beacon frame. Alternatively, the access point may include PRAW allocation information
once in every N short beacon frames, wherein N is greater than or equal to 1. When a long sleep
station transmits and/or receives a packet to and/or from the access point, the access point may
further allocate the long sleep station’s next allowed time window within PRAW in a sequential

manner, for example.

[0050] Figure 7 illustrates a flow diagram of operations 700 occurring in a regular station
operating in a communications system with support for both PRAWs and RAWSs. Operations 700
may be indicative of operations occurring in a regular station as the regular station operates in a

communications system with support for both PRAWs and RAWs.

[0051] Operations 700 may begin with the regular station receiving information about a PRAW
reservation (block 705). As discussed previously the regular station may receive the information
about the PRAW reservation in a beacon frame broadcast by an access point serving the regular
station. Alternatively, the regular station may receive the information about the PRAW allocation in
a management frame (of which a beacon frame is an example and other examples of management
frames include probe request frames, probe response frames, association request frames, association
response frames, authentication frames, deauthentication frames, reassociation request frames,
reassociation response frames, disassociation frames, public action frames (e.g., generic
advertisement service (GAS) initial request frames, GAS initial response frames, GAS comeback
request frames, and GAS comeback response frames), and the like) transmitted by the access point.
The PRAW reservation may include information such as a duration of the PRAW, a number of slots
in the PRAW, a duration of the slots in the PRAW, a time to the PRAW, which stations have access
to the PRAW, and the like. The regular station may receive information about a RAW allocation
(block 710). The information about the RAW allocation may be received in a beacon frame
broadcast by the access point. The information about the RAW allocation may include information

about stations allowed to access resources of the RAW.

[0052] The regular station may perform a check to determine if it is allowed to use the RAW

(block 715). As discussed previously, potentially not every station served by the access point is
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allowed to use the RAW. The access point may be able to specify which stations have access to the
RAW. If the regular station is allowed to use the RAW, the regular station may exchange data with
the access point during the RAW and/or with resources that are outside of other RAW(s) or
PRAWC(s) (block 720). If the regular station is not allowed to use the RAW, the regular station may
exchange data with the access point utilizing resources that are not part of the RAW, as well as
PRAW(s) and/or other RAW(s) (block 725). As an example, the regular station may utilize
established communications channel access methods in resources that are not allocated for RAWs
and PRAWs.

[0053] With respect to station operation, when a station associates with the access point, or
when it receives (short) beacon frames, it can identify PRAW information, which includes at least
an allowed user group, PRAW resource start and/or end time information, and periodicity of PRAW
allocation. If the station is not included in the “allowed user group” of a PRAW, the station is not
allowed to send a packet within the PRAW time period, even though the PRAW information is not
broadcasted at every short beacon frame. If the station is included in the “allowed user group” of
the PRAW, the station is allowed to send a packet within the PRAW. Specific resource allocation
for the station within the PRAW can be indicated using another message at the time of

(re)association and/or when resource allocation modification is performed.

[0054] Figure 8 illustrates a first communications device 800. Communications device 800 may
be an implementation of an access point, a communications controller, a base station, and the like.
Communications device 800 may be used to implement various ones of the embodiments discussed
herein. As shown in Figure 8, a transmitter 805 is configured to transmit beacon frames, (short)
beacon frames, PRAW and/or RAW allocation information, and the like. Communications device

800 also includes a receiver 810 that is configured to receive management frames, data, and the like.

[0055] A PRAW managing unit 820 is configured to determine resources to be reserved for a
PRAW, determine PRAW parameters, and the like. PRAW managing unit 820 is configured to
generate information to indicate PRAWSs, and the like. A resource allocating unit 822 is configured
to assign resources of PRAWs to stations. Resource allocating unit 822 is configured to generate
information to indicate the assigned resources. A data exchanging unit 824 is configured to
exchange data with a station. A memory 830 is configured to store PRAW resource reservations,
PRAW parameters, PRAW indications, PRAW resource assignments, PRAW resource indications,
data, and the like.

-14-
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[0056] The elements of communications device 800 may be implemented as specific hardware
logic blocks. In an alternative, the elements of communications device 800 may be implemented as
software executing in a processor, controller, application specific integrated circuit, or so on. In yet
another alternative, the elements of communications device 800 may be implemented as a

combination of software and/or hardware.

[0057] As an example, receiver 810 and transmitter 805 may be implemented as a specific
hardware block, while PRAW managing unit 820, resource allocating unit 822, and data exchanging
unit 824 may be software modules executing in a microprocessor (such as processor 815) ora
custom circuit or a custom compiled logic array of a field programmable logic array. PRAW
managing unit 820, resource allocating unit 822, and data exchanging unit 824 may be modules

stored in memory 830.

[0058] Figure 9 illustrates a second communications device 900. Communications device 900
may be an implementation of an access point, a communications controller, a base station, and the
like. Communications device 900 may be used to implement various ones of the embodiments
discussed herein. As shown in Figure 9, a transmitter 905 is configured to transmit data.
Communications device 900 also includes a receiver 910 that is configured to receive transmit

beacon frames, (short) beacon frames, PRAW and/or RAW allocation information, and the like.

[0059] A resource managing unit 920 is configured to process PRAW resource assignments to
determine when and/or where communications device 900 can exchange data. A data exchanging
unit 922 is configured to exchange data with a communications controller. A memory 930 is
configured to store PRAW resource reservations, PRAW parameters, PRAW indications, PRAW

resource assignments, PRAW resource indications, data, and the like.

[0060] The elements of communications device 900 may be implemented as specific hardware
logic blocks. In an alternative, the elements of communications device 900 may be implemented as
software executing in a processor, controller, application specific integrated circuit, or so on. In yet
another alternative, the elements of communications device 900 may be implemented as a

combination of software and/or hardware.

[0061] As an example, receiver 910 and transmitter 905 may be implemented as a specific
hardware block, while resource managing unit 920, and data exchanging unit 922 may be software

modules executing in a microprocessor (such as processor 915) or a custom circuit or a custom
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compiled logic array of a field programmable logic array. Resource managing unit 920, and data

exchanging unit 922 may be modules stored in memory 930.

[0062] 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 spirit and scope of the disclosure as defined by the appended claims.
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WHAT IS CLAIMED IS:

1. A method for operating an access point, the method comprising:

reserving, by the access point, resources for a periodic group resource;

broadcasting, by the access point, reservation information for the periodic group resource;

assigning, by the access point, a resource in the periodic resource to a first station;

transmitting, by the access point, information about the resource in the periodic group
resource assigned to the first station to the first station, wherein the transmitting occurs during one
of an association procedure with the first station and a reconfiguration of a resource assignment for
the first station; and

exchanging, by the access point, data with the first station during the resource in the periodic

group resource assigned to the first station.

2. The method of claim 1, wherein the reservation information comprises information about a
duration of the periodic group resource, a period of the periodic group resource, and a time to a first

resource of the periodic group resource.

3. The method of claim 1, wherein the information about the resource comprises a start time of

the resource, a duration of the resource, and a period of the resource.

4. The method of claim 1, further comprising transmitting the reservation information with the

information about the resource in the periodic group resource assigned to the first station.

5. The method of claim 1, wherein reservation information further comprises a number of slots

within the periodic group resource, and a duration of each slot within the periodic group resource.

6. The method of claim 1, wherein reservation information further comprises a first indicator of

allowed stations permitted to exchange data during the periodic group resource.

7. The method of claim 1, wherein the reservation information is transmitted at a greater period

than that of a beacon frame.

8. The method of claim 1, wherein the reservation information is transmitted in one of a beacon

frame and a probe response frame.
-17-
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9. A method for operating a station, the method comprising:

receiving, by the station, reservation information for a periodic group resource;

receiving, by the station, a list of allowed stations permitted to utilize an access window;

determining, by the station, if the station is in the list of allowed stations permitted to utilize
the access window;,

exchanging, by the station, data with an access point within the access window if the station
is in the list of allowed stations permitted to utilize the access window; and

exchanging, by the station, data with the access point using a resource not reserved for the
periodic group resource and not in the access window if the station is not in the list of allowed

stations.

10. The method of claim 9, wherein the reservation information comprises information about a
duration of the periodic group resource, a period of the periodic group resource, and a time to a first

resource of the periodic group resource.

11. The method of claim 9, wherein the reservation information further comprises a number of
slots within the periodic group resource, and a duration of each slot within the periodic group

resource.

12. The method of claim 9, wherein the reservation information further comprises a first
indicator of allowed long sleep stations permitted to exchange data during the periodic group

resource.

13. The method of claim 9, wherein the reservation information is transmitted in a beacon frame,

and wherein the list of allowed stations is transmitted in a short beacon frame.

14. The method of claim 9, wherein the reservation information is received at a greater period

than the list of allowed stations.

15.  An access point comprising;

a processor configured to reserve resources for a periodic group resource, assign a resource
in the periodic group resource to a first station, and to exchange data with the first station during the
resource in the periodic group resource allocated to the first station; and

-18-



© 00 ~N O O

—

© 00 ~N O O A~ O DN

WO 2014/000642 PCT/CN2013/077966

a transmitter operatively coupled to the processor, the transmitter configured to broadcast
reservation information for the periodic group resource, and to transmit information about the
resource in the periodic group resource allocated to the first station to the first station, wherein the
transmitting occurs during one of an association procedure with the first station and a

reconfiguration of a resource assignment for the first station.

16.  The access point of claim 15, wherein the reservation information comprises information
about a duration of the periodic group resource, a period of the periodic group resource, and a time

to a first resource of the periodic group resource.

17.  The access point of claim 15, wherein the information about the resource comprises a start

time of the resource, a duration of the resource, and a period of the resource.

18.  The access point of claim 15, wherein the transmitter is configured to transmit the
reservation information with the information about the resource in the periodic group resource

assigned to the first station.

19. A station comprising:

a receiver configured to receive reservation information for a periodic group resource, and to
receive a list of allowed stations permitted to utilize an access window; and

a processor operatively coupled to the receiver, the processor configured to determine if the
station is in the list of allowed stations permitted to utilize the access window, to exchange data with
an access point within the access window if the station is in the list of allowed stations permitted to
utilize the access window, and to exchange data with the access point using a resource not reserved
for the periodic group resource and not in the access window if the station is not in the list of

allowed stations.

20. The station of claim 19, wherein the reservation information comprises information about a
duration of the periodic group resource, a period of the periodic group resource, and a time to a first

resource of the periodic group resource.
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21. The station of claim 19, wherein the reservation information further comprises a number of
slots within the periodic group resource, and a duration of each slot within the periodic group

resource.

22. The station of claim 19, wherein the reservation information further comprises a first
indicator of allowed long sleep stations permitted to exchange data during the periodic group

resource.

23. The station of claim 19, wherein the station is a regular station.

24. A method for operating an access point in an IEEE 802.11 compliant communications
system, the method comprising:

reserving, by the access point, resources of a communications channel for a periodic
restricted access window;,

periodically broadcasting, by the access point, one of a Beacon frame, a short Beacon frame,
and a Probe Response frame including reservation information about the periodic restricted access
window,

transmitting, by the access point, a management frame to a first station during one of an
association procedure and a rescheduling of a resource assignment to the first station, the
management frame including information about a resource in the periodic restricted access window
assigned to the first station; and

exchanging, by the access point, data with the first station during the resource in the periodic

restricted access window assigned to the first station.

25. The method of claim 24, wherein the management frame is an association response frame.

26. The method of claim 24, wherein the reservation information comprises at least one of a
group identifier of the periodic restricted access window, a start time of the periodic restricted
access window, a duration of the periodic restricted access window, a periodicity of the periodic

restricted access window, and a start offset of the periodic restricted access window.

27. The method of claim 24, wherein the first station is a long sleep station.
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